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1

INTRA-OPERATIVE SYSTEM FOR
IDENTIFYING AND TRACKING SURGICAL
SHARP OBJECTS, INSTRUMENTS, AND
SPONGES

CROSS-REFERENCE TO RELATED
APPLICATIONS

Pursuant to 35 U.S.C. § 119 (e), this application claims

priority to the filing date of the U.S. Provisional Patent
Application Ser. No. 61/132,961 filed Jun. 23, 2008; to the
filing date of the U.S. Provisional Patent Application Ser.
No. 61/132,954 filed Jun. 24, 2008 and to the filing date of
U.S. Provisional Application Ser. No. 61/198,211 filed Nov.

3, 2008; the disclosures of which applications are herein
incorporated by reference.

INTRODUCTION

It has been estimated that 1n the Unmited States alone some
25 million operations are performed annually and most
involve the use of multiple surgical 1items, including needles
and other sharp objects, surgical sponges, and surgical
instruments. These various 1items can be retained uninten-
tionally within patients at the conclusion of a given opera-
tion. A retained surgical foreign body (RSFB) usually
requires at least a second surgery for retrieval of the object,
and also carries a risk for major complications including
death. The prevalence of retained foreign bodies 1s not
known, though one medical malpractice insurance company
reported approximately 40 cases over 7 years or about 1% of
all claims (Kaiser C W, Friedman S, Spurling K P, Slowick
T, Kaiser H A. The retamned surgical sponge Ann Surg
1996:224:79-84). One review cited prevalence as high as
I/5000 cases with an associated mortality ranging from 11 to
35% (Lauwers P R, Van Hee R H. Intraperitoneal gossypi-
bomas: The need to count sponges; World J Surg 2000:24:
521-527).

The Association of Perioperative Registered Nurses
(AORN) recommends that counts be performed before each
procedure to establish a baseline, before closure of any
cavity such as the stomach or a cardiac chamber, before
wound closure begins, at end of skin closure or the end of
the procedure, and at the time of any permanent change in
operating room personnel (Recommended practices for
sponge, sharp, and instrument counts. AORN Recom-
mended Practices Committee. Association ol PeriOperative
Registered Nurses. AORN T 1999:70: 1083-9). It 1s recom-
mended that more than one person do the counts i a
standard order, simultaneously and audibly, and with mini-
mal interruptions. In practice, each of the multiple counts
usually takes 15-30 minutes and often slows or stops the
operation.

In most cases of RSFB, manual counts indicated that all
equipment was accounted for, leading to the conclusion that
the counts must have been incorrect (Gawande A, et al. Risk
factors for retained instruments and sponges alter surgery
New Engl J Med 348:229 C235, January 2003). About 88%
of RSFB 1ncidents occur when the count 1s thought to be
correct. Furthermore, Medicare announced 1n October 2008
that there will be no hospital payment for RSFB. Possible
causes lor incorrect counts include stafl fatigue, stress,
distraction, interruptions, time pressure, and simple human
errors 1n counting and recording.

Therefore, there 1s a need for improved systems and
methods for identifying and tracking surgical items, includ-
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2

ing needles and other sharp objects, surgical sponges, and
surgical instruments during a surgical procedure.

SUMMARY

Intra-operative systems for identifying surgical sharp
objects are provided. Aspects of the systems include an
intra-operative imaging device for obtaining intra-operative
surgical sharp object image data; and a surgical sharp object
automated shape recognition module configured to 1dentity
a surgical sharp object from intra-operative surgical sharp
object 1mage data. Systems of the mvention may further
include additional components, such as surgical istrument
and/or sponge 1dentification and tracking devices. Systems
of the mvention find use 1 a variety of methods and
applications, including tracking of surgical items during a
surgical procedure.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A and 1B provide views of a surgical sharp object
and a handheld imager configured to recognize the surgical

sharp object via shape recognition, according to an embodi-
ment of the mvention.

FIG. 2A 1s a schematic of a container for identification

and disposal of a surgical sharp object, according to an
embodiment of the invention.

FIGS. 2B and 2C are schematics of additional embodi-
ments of a container for identification and disposal of a
surgical sharp object, according to embodiments of the
invention.

FIG. 2D 1s a schematic of another embodiment of a
container for 1dentification and disposal of a surgical sharp
object, according to an embodiment of the mnvention.

FIGS. 3A-C are schematics of various aspects of a needle
or other sharp object that can be 1dentified by recognition of
a unique 1dentifier in one embodiment of the invention.

FIGS. 4A and 4B provide a view of an embodiment of a
unmique 1dentifier recognition system that can be used to
detect or recognize a unique identifier on a needle or sharp
object or 1ts packaging.

FIG. SA provides a view of a surgical imnstrument with a
umque 1dentifier 1 the form of a 2D barcode 1n accordance
with an embodiment of the invention.

FIGS. 5B to 5E provide additional views of a surgical
istrument with various umique identifiers 1n accordance
with embodiments of the invention.

FIG. 6 provides a view ol an embodiment of a unique
identifier recognition system that can be used to detect a
unique identifier on a surgical mstrument.

FIG. 7 provides a view of another embodiment of a
unique 1dentifier recognition system that can be used to
detect a unique identifier on a surgical istrument.

FIG. 8 provide a view of an embodiment of a unique
identifier recognition system that can be used to detect a
unmique 1dentifier on a surgical instrument or sharp object.

FIGS. 9A-9C are schematics of surgical sponges with
umique 1dentifiers, i accordance with embodiments of the
invention.

FIGS. 10A-10C are magnified schematic views of various
unmique 1dentifiers that can be placed on a sponge, instrument
or needle or other sharp item in accordance with embodi-
ments of the mvention.

FIG. 10D 1s a view of a detector detecting a unique
identifier 1n accordance with an embodiment of the mmven-
tion.
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FIG. 11 provides a view ol an embodiment of a unique
identifier recognition system that can be used to detect a

unique 1dentifier on a surgical sponge.

FIGS. 12A-D are schematics of additional embodiments
of containers for identification and disposal of surgical sharp
objects and sponges, according to embodiments of the
invention.

FIG. 13 1s a schematic of an automated detection and
tracking system designed to continuously track surgical
sponges, instruments and/or sharp objects according to an
embodiment of the invention.

FI1G. 14 provides another view of an automated detection
and tracking system designed to continuously track surgical
sponges, 1nstruments and/or sharp objects which also
includes a container for identification and disposal of a
surgical sharp object, according to an embodiment of the
invention.

FI1G. 135 provides another view of the automated detection
and tracking system designed to continuously track surgical
sponges, mstruments and/or sharp objects, showing integra-
tion with a processor and display unit, according to an
embodiment of the invention.

FIG. 16 1s a schematic of the large panel display of a
real-time 1nstrument count indicating the presence or
absence of any particular istrument at any time during a
surgical procedure, according to an embodiment of the
invention.

FI1G. 17 1s another schematic of a large panel display of a
real-time needle and sharp object count indicating the pres-
ence or absence of the items at any time during the surgical
procedure, according to an embodiment of the invention.

FIG. 18 1s another schematic of a large panel display of a
real-time needle and sharp object count indicating the pres-
ence or absence of any sponge, instrument or needle/sharp
object at any time during the surgical procedure, according
to an embodiment of the invention.

DETAILED DESCRIPTION

Intra-operative systems for identifying surgical sharp
objects are provided. Aspects of the systems include an
intra-operative imaging device for obtaining intra-operative
surgical sharp object image data; and a surgical sharp object
automated shape recognition module configured to 1dentily
a surgical sharp object from intra-operative surgical sharp
object 1mage data. Systems of the mmvention may further
include additional components, such as surgical instrument
and/or sponge 1dentification and tracking devices. Systems
of the invention find use in a variety of methods and
applications, including tracking of surgical items during a
surgical procedure.

Before the present invention 1s described 1n greater detail,
it 1s to be understood that this mmvention 1s not limited to
particular embodiments described, as such may, of course,
vary. It 1s also to be understood that the terminology used
herein 1s for the purpose of describing particular embodi-
ments only, and 1s not itended to be limiting, since the
scope ol the present invention will be limited only by the
appended claims.

Where a range of values 1s provided, 1t 1s understood that
cach itervening value, to the tenth of the module of the
lower limit unless the context clearly dictates otherwise,
between the upper and lower limit of that range and any
other stated or intervening value in that stated range, is
encompassed within the invention. The upper and lower
limits of these smaller ranges may independently be
included in the smaller ranges and are also encompassed
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within the invention, subject to any specifically excluded
limait 1n the stated range. Where the stated range includes one
or both of the limits, ranges excluding either or both of those
included limits are also included 1n the invention.

Certain ranges are presented herein with numerical values
being preceded by the term ““about.” The term “‘about™ 1s
used herein to provide literal support for the exact number
that 1t precedes, as well as a number that 1s near to or
approximately the number that the term precedes. In deter-
mining whether a number i1s near to or approximately a
specifically recited number, the near or approximating unre-
cited number may be a number which, 1n the context in
which 1t 1s presented, provides the substantial equivalent of
the specifically recited number.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can also be
used in the practice or testing of the present invention,
representative illustrative methods and materials are now
described.

All publications and patents cited 1n this specification are
herein incorporated by reference as 11 each imdividual pub-
lication or patent were specifically and individually indi-
cated to be incorporated by reference and are incorporated
herein by reference to disclose and describe the methods
and/or materials 1n connection with which the publications
are cited. The citation of any publication 1s for 1ts disclosure
prior to the filing date and should not be construed as an
admission that the present invention 1s not entitled to ante-
date such publication by virtue of prior invention. Further,
the dates of publication provided may be different from the
actual publication dates which may need to be independently
coniirmed.

It 1s noted that, as used herein and 1n the appended claims,
the singular forms “a”, “an”, and *“the” include plural
referents unless the context clearly dictates otherwise. It 1s
turther noted that the claims may be drafted to exclude any
optional element. As such, this statement 1s intended to serve
as antecedent basis for use of such exclusive terminology as
“solely,” “only” and the like in connection with the recita-
tion of claim elements, or use of a “negative” limitation.

As will be apparent to those of skill in the art upon reading
this disclosure, each of the individual embodiments
described and illustrated herein has discrete components and
features which may be readily separated from or combined
with the features of any of the other several embodiments
without departing from the scope or spirit of the present
invention. Any recited method can be carried out 1n the order
of events recited or in any other order which 1s logically
possible.

In further describing various aspects of the invention, the
systems will be described first in greater detail, followed by
a review ol methods and applications 1n which the systems
find use.

Systems

As summarized above, systems for intra-operatively 1den-
tifying a surgical sharp object are provided. By surgical
sharp object 1s meant an object that has one or more sharp
features and 1s configured to contact tissue during a surgical
procedure. As the objects have one or more sharp features,
the objects 1dentified by systems of the invention include a
thin cutting edge or a fine point, such that the objects are
well-adapted for cutting or piercing tissue. Examples of
surgical sharp objects include, but are not limited to,
needles, scalpel blades, etc. In some instances, surgical
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sharp objects are objects that are configured for one time
use, such that they are to be disposed of following their use
in a given surgical procedure, and in some embodiment
surgical sharp objects are reusable.

As mdicated above, the systems are systems of intra-
operatively i1dentifying surgical sharp objects. By intra-
operatively identifying 1s meant that the systems are con-
figured to 1dentity a surgical sharp object during a surgical
procedure, where the 1dentification may be made in or out of
the sterile field, but 1n certain instances the i1dentification 1s
made in the room where a given surgical procedure 1s
performed. By surgical procedure 1s meant an operation,
including an open surgical procedure, or a mimmally-1nva-
sive surgical procedure, including endoscopic procedures,
such that there 1s at least one opening into a body where a
foreign body could be unintentionally left mnside of a body.
A surgical procedure can include the actual procedure 1tselt,
as well as the period of time during preparation for and after
the conclusion of the surgical procedure (e.g., performing
initial or final counting and identification of a surgical sharp
object, etc.) As the systems are systems for i1dentilying
surgical sharp objects, they are systems that are configured
to recognize or establish a given object as a particular
surgical sharp object, such that the systems provide verifi-
cation of the identity of a given surgical sharp object.
Intra-Operative Imaging Device and Automated Shape Rec-
ognition Module

Systems of invention include an intra-operative imaging
device and an automated shape recognition module. By
intra-operative 1maging device 1s meant a device that is
configured to obtain intra-operative surgical sharp object
image data. In other words, the device 1s configured to obtain

image data of a surgical sharp object in an operating room.
Accordingly, this imaging device of the system 1s located in
an operating room.

The intra-operative imaging device may vary depending
on the nature of the 1mage data that the system 1s configured
to employ. The image data may be data for one or more still
images, or video data. Any convenient intra-operative imag-
ing device configured to obtain such data may be employed.,
where examples of such systems include digital or analog
still cameras, digital or analog video cameras, etc. Where the
imaging device 1s a camera, the camera can include one or
more lenses for optimal focus of the desired field of view
onto an 1mage sensor of the camera. The camera can be
black and white, or color, and can be digital, or analog. The
camera may be configured to obtain still or video i1mage
data. In some embodiments, the camera can include a
processor. In some embodiments, a camera with a processor
can be used 1n addition to a CPU of the system, e.g., as
reviewed 1n greater detail below. The contain may further
include one or more light sources, a synchronizing sensor,
and input/output hardware or communication links with
other components of a system to report results (e.g., via a
display unit, such as a monitor). Cameras that can be used
in the methods of the subject invention include, but are not
limited to: the Cognex™ Insight Micro Smart Camera™
with Insight-Explorer™ Vision software, Sick™ Smart cam-
era [VC-2D used with IVC Studio™ software, National
Instrument™ Smart Camera with NI Vision Builder™ Al
program, Sony XCI Camera™ with any suitable machine
vision cameras and programs sold by Dalsa™ Visionx™,
Matrox™ Imaging, etc., or any other suitable camera.

The intra-operative imaging device 1s a device configured
to obtain 1mage data of a given surgical sharp object, and
then output that obtained 1image data. Examples of specific
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types ol intra-operative 1imaging devices and systems that
include the same are reviewed 1n greater detail below.

In addition to the intra-operative imaging device, the
systems include a surgical sharp object automated shape
recognition module. This surgical sharp object automated
shape recognition module 1s a functional module that 1s
configured to identify a surgical sharp object from intra-
operative surgical sharp image data obtained by the intra-
operative imaging device, e.g., as described above. The term
“module” refers to a combination of hardware and/or sofit-
ware which 1s configured to perform a specific given func-
tion or functions. For example, a given module may be a
programmable digital microprocessor such as available 1n
the form of an electronic controller, mainframe, server or
personal computer (desktop or portable). Where the module
1s programmable, suitable programming can be communi-
cated from a remote location to the module, or previously
saved 1n a computer program product (such as a portable or
fixed computer readable storage medium, whether magnetic,
optical or solid state device based). For example, a magnetic
medium or optical disk may carry the programming, and can
be read by a suitable reader communicating with a given
module at its corresponding station.

Surgical sharp object automated shape recognition mod-
ules are modules that are configured to identify a surgical
sharp object, such as a needle or scalpel blade, without the
need for an identifying label (examples of which are
described in greater detail below) by a method of automated
shape recognition, such as machine vision. Automated shape
recognition 15 a process by which the identification of
surgical sharp objects 1s performed using one or more of the
s1ze, shape, aspect ratio, outline, color, or other distinctive
feature present in the image data of the surgical sharp object.
Automated shape recognition can be performed 1 two-
dimensions or three-dimensions. For example, a digital
camera (either gray-scale or color vision camera) can obtain
image data of a surgical sharp object, which image data can
then be processed by the automated shape recognition
module (and specifically by software and/or hardware of the
module) using a machine vision and image processing
technique.

Any convenient machine vision and image processing
technique may be employed. To distinguish between specific
surgical sharp objects such as a scalpel and a needle, the
module may use varniables such as the size, shape, aspect
ratio, outline, or color of the of the sharp object, certain
angles or curves, the two-dimensional projection that is
unique to a given surgical sharp object, etc. For example, the
curve formed by a certain size of surgical needle can be used
to 1dentily the needle via automated shape recognition
protocols.

The software can take several steps to process an 1mage.
The 1mage may first be manipulated to reduce noise or to
convert many shades of gray to a simple combination of
black and white (binarization). Following the initial simpli-
fication, the software may count and/or identily objects 1n
the 1mage. Any suitable software program can be used,
including commercially available software programs, as
disclosed above, are available and can be used i1n one
embodiment of the mnvention. The methods can 1nclude use
ol a software program to process 1mages and detect relevant
features for 1dentilying a surgical item.

A given automated shape recognition module may
employ pre-existing surgical sharp object data in a given
automated shape recognition protocol, e.g., a reference with
which to compare the obtamned image data in order to
identify a given surgical sharp object. This pre-existing
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surgical sharp object data may be provided in the shape
recognition module using a variety of different protocols.
For example, the pre-existing surgical sharp object data may
be 1ntroduced 1nto the shape recognition module at the time
of manufacture, where the data may or may not be updatable
depending on the nature of the particular module. Alterna-
tively, prior to the beginning of a given surgical procedure,
the data about the specific surgical sharp objects (and other
items as desired) which are to be identified using automated
shape recognition (i1.e., machine vision) are programmed
into the software. For example, in an aortic valve replace-
ment procedure, the types of needles to be used may include
Ethicon™ 2-0 silk SH, Ethicon™ 0 Vicryl™ CTX-B,
Deknate]™ Tevdek® II 3-0 AT-2, Ethicon™ Prolene™ 4-0
RB-1, Ethicon™ Prolene™ 6-0 BV, Ethibond™ Excel™
2-0 SH, and Ethicon™ Prolene™ 7-0 BV-1 needles. These
seven different types of needles can be programmed 1nto the
system prior to the start of surgery. The number of needles
that can be programmed 1nto a system will vary depending,
on the system, but can be at least two or more, such as three
or more, or four or more, etc. This data regarding the types
of needles may be introduced into the shape recognition
module using any convement protocol, where protocols of
interest include both manual and automatic protocols, e.g.,
as described 1n greater detail below.

In some embodiments, the pre-programmed information
can include mformation saved 1n the computer memory for
a particular type of surgery (e.g., appendectomy, or knee
replacement) which can be recalled as needed. In some
embodiments, the pre-programmed imnformation saved 1n the
computer memory can include both the type of surgery as
well as information specific to a particular surgeon, to reflect
the needle or other surgical sharp item preferences of a
specific surgeon.

Machine vision software programs that can be used for
automated shape 1dentification can use a number of different
image processing techniques for identification of an object,
such as pixel counting (counts the number of light or dark
pixels), thresholding (converts an 1image with gray tones to
simply black and white), ?segmentation (used to locate
and/or count parts), pattern recogmition (location of an
object that may be rotated, partially hidden by another
object, or varying in size), detection of particular angle or
curve, measurement of area or size of an object, determining
the aspect ratio of the object, edge detection, the outline or
silhouette detection, the two- or three-dimensional projec-
tion of an object, template matching, color, etc. Examples of
machine vision soitware programs that can be used with the
subject mvention include but are not limited to Insight-
Explorer™ Vision software, IVC Studio™ software,
National Instrument™ Vision Builder™ software, any suit-
able software programs sold by Dalsa™, Visionx™,
Matrox™ Imaging, etc., or any other suitable machine
vision software program. Also, 1n some embodiments, “tem-
plate matching” of the outline or silhouette of a surgical
sharp object 1s used by a given shape recognition module to
distinguish one surgical sharp object from another.

In some embodiments, the machine vision methods can
use a combination of processing techniques to i1dentily an
object; for example, the detection of a particular curve and
the measured size may be used to identily a particular
needle. As such, more than one identification technique can
be used 1n order to improve the accuracy and reliability of
the identification process. For example, 1n some embodi-
ments, an optional algorithm can be 1included for evaluating,
the remnant of suture material still attached to a needle. This
can include evaluating characteristics of the suture, for
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example, 11 silk suture 1s black and Prolene™ suture 1s blue,
identifving the color of the attached suture can assist in the
identification of the needle, especially 1in cases where a
needle might be bent, twisted or broken. In some embodi-
ments, the shape recognition module 1s configured to keep
track of the accuracy rate of the various techniques used, and
if certain techniques are more successiul, those techniques
could be given greater weight 1n the recognition process.

In one embodiment of the invention, the automated shape
recognition module can contain a database of the observed
values for the various characteristics used to 1dentily various
surgical sharp objects, as well as other surgical items of
interest, as desired. For example, depending on slight varia-
tions 1n ambient lighting and also in the surface optical
characteristics of e.g., a surgical needle, there might be some
variation 1n the perceived size of a surgical sharp object by
the automated shape recognition module. In some embodi-
ments, therefore, the system can maintain a data set, e.g., in
the form of a table or histogram, of the number of times a
particular measurement of size or other characteristic (e.g.,
needle curvature) was associated with a particular surgical
item. The system can employ statistical techniques to deter-
mine the probability that a measured size or shape can be
accurately associated with that particular surgical item. In
some 1nstances, given such a data base of several charac-
teristics, multivariate statistical analysis 1s performed to
increase accuracy and reliability of the system 1n 1dentifying
the surgical sharp objects.

In some embodiments, 1f the automated shape recognition
module 1s unable to make a positive identification of a
needle, the automated shape recognition module can include
an “‘assisted i1dentification” algorithm which can present a
choice to operating room personnel, who can then positively
identify the surgical sharp object that has been discarded.
For example, 11 a needle 1s bent, the automated shape
recognition module can narrow the identification of the
needle to two options, €.g an Ethicon™ 8-0 BV-1 taper point
needle or an Ethicon™ 7-0 CC tapercut needle. The choice
of the two types of needles can be presented to a scrub nurse,
who can select the needle which corresponds to the type of
needle that was discarded.

It should be understood that the terms “automated shape
recognition”, “automated shape i1dentification”, and
“machine vision”, can all be used to indicate the automatic
identification of surgical sharp objects (such as scalpel
blades or needles) from one or more types of image data
obtained for the object, e.g., one or more types of image data
relating to the size, shape, aspect ratio, outline, color, or
other 1mageable parameter of the surgical sharp object.

A given automated shape recognition module of a system
may be configured to only provide shape recognition of
surgical sharp objects. Alternatively, the shape recognition
module may be configured to provide shape recognition of
other surgical items, such as surgical nstruments and/or
sponges, 1n addition to the automated shape recognition of
the surgical sharp object.

The location of the automated shape recognition module
in the system may vary. For example, the automated shape
recognition module may be located at a part of the system
that 1s distinct from the intra-operative imaging device. In
yet other embodiments, the imaging device and automated
shape recognition module may be integrated into the same
part or component of the system. In some embodiments the
automated shape recognition module can be located 1n a
sterile environment, and 1n other embodiments the auto-
mated shape recognition module can be located in a non-
sterile environment. In some embodiments, the automated
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shape recognition module may be located in a transitional
area between a sterile and non-sterile environment, e.g., as
in the chute embodiment disclosed below.

FIGS. 1A and 1B provide views of a surgical sharp object
in the form of needle being imaged by a camera to obtain
image data that may be used by an automated shape recog-
nition module of a system of the invention to identily the
needle. FIG. 1A shows needle/suture construct 100 that
includes curved needle 102 and suture 104. As shown 1n
FIG. 1B, needle imaging device 106 1s a handheld camera
that includes manual operation features 108 and sterile
sleeve 110, which allows the camera to operate 1n a surgical
sterile field. The automated shape recognition module may
be mtegrated with the camera 106 or be present 1n another
part of the system, as desired.

In another embodiment, the imaging device (and option-
ally the automated shape recognition module) may be part of
a surgical sharp object disposal container. Surgical sharp
object disposal containers can include one or more 1maging
devices, such as a camera with suitable optics for acquiring
images, a camera interface for digitizing images (known as
a “frame grabber”) and, where desired, an automated shape
recognition module (which can be an embedded processor,
such as a digital signal processor (DSP), for example, as
desired). In some embodiments, the container can further
include a surgical sharp object automated tracking module,
such that the container 1s configured to automatically track
one or more surgical sharp objects, e.g., by counting the
objects, etc. The container can therefore use an 1maging
device (such as a camera) to 1image the surgical sharp object
to obtain 1mage data. In certain instances, the container may
then 1dentity the surgical sharp object using the image data
by automated shape recognition. The machine vision pro-
tocol implemented by the shape recognition module of the
container can, 1 some embodiments, count only the newly
added surgical sharp object present 1n a field of view, such
as a sterile back table, or in the disposal container, etc.
Tracking and counting of only the newly added surgical
sharp object can be performed by continuous or intermittent
imaging of a group of surgical sharp objects 1n a particular
field of view. When a surgical sharp object 1s newly added
to the field of view, comparison of an image obtained prior
to the addition of the new sharp object with an 1mage
obtained after the addition of the new sharp object can result
in discounting or subtracting out the prior counted needle
shapes and/or positions 1n a given image, and does not
recount them. Therefore, the machine vision protocol of the
shape recognition module can be used to count only the most
recently discarded object. In some embodiments, the auto-
mated shape recognition module can be used to identify and
count all of the surgical items present 1n a field of view. For
example, 11 a recount 1s necessary, all the surgical sharp

objects present 1n a field of view can be identified and
counted.

As indicated above, surgical sharp object disposal con-
tainers may include one or more suitable light sources,
which can be specialized light sources such as a light-
emitting diode (LED) illuminators, fluorescent or halogen
lamps, etc. The lighting can be used to illuminate the
surgical sharp object to be 1maged, and can also be used to
highlight features of interest and obscure or minimize the
appearance of features that are not of interest (such as
shadows or reflections). The lighting can be located 1n any
suitable location, including on or near the camera, or on or
under a surface or platform where the surgical item to be
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10
imaged 1s placed, including lighting that 1s “front-lit”,
“back-1it”, direct on-axis lighting (DOAL), ofi-axis lighting,
multi-axis lighting, etc.

The container may include a synchronizing sensor for
detecting the presence of a surgical 1tem to be 1dentified, and
determining when an object 1s 1n position to be evaluated.
The synchromizing sensor can be any suitable sensor, such as
an optical or magnetic sensor, where the sensor can trigger
image acquisition and processing by the imaging device of
the container. For example, the synchronizing sensor trig-
gers the camera to 1mage the object as it passes within the
viewing range ol the camera, and can also synchronize a
lighting pulse to obtain a sharp image. In this embodiment
the device can include dynamic shape recognition, 1.e.,
shape recognition of a surgical item 1n motion as it 1s
dropped 1nto a container.

The container may also include a display unit for display-
ing 1dentifying information of the surgical sharp object, as
well as additional derived information, such as the current
counts of the number and type of items that have been placed
in the container. The display of the current number and type
of 1tems 1n the container can be in addition to other displays
of current counts 1n the operating room, €.g. as provided by
a system of the invention or otherwise. The display unit on
the container can be mounted permanently or 1t can be
removably associated with the container i any suitable
location, such as on the top or side of the container.

The container may be configured for surgical sharp object
disposal. Such containers may have a portion that 1s reusable
and a portion that 1s disposable. For example, the container
may include a first reusable portion that includes the imag-
ing device, e.g., camera. This first reusable portion can be
sterilizable (e.g., with a sterile covering), where desired. In
addition to the first portion, the container may include a
second portion configured to hold the discarded surgical
sharp objects. This second portion can be separable from the
first portion and can have a variety of different configura-
tions, such as a disposable plastic bag, disposable rigid
receptacle, etc. In some embodiments, a container may be
entirely located within a sterile field (e.g., on top of a sterile
back table), or 1t can be entirely located 1n a non-sterile field
(e.g., on the floor of the operating room). In some embodi-
ments, portions of the container can be both 1n a sterile field
and 1n a non-sterile field (e.g., a container may have a
opening with a chute which 1s configured to be on or in the
sterile field, which leads to the remainder of the container
which 1s positioned 1n a non-sterile portion of a room).

In some embodiments, the container can be configured to
receive surgical 1tems other than surgical sharp objects, in
addition to the surgical sharp objects. Additional types of
surgical 1tems for which the container may be configured to
receive 1mclude struments, e.g., forceps, scissors, etc., as
well as textile-based items, e.g., sponges. In some embodi-
ments, the container can have the capability of 1dentifying
and counting more than one category of surgical item (e.g.,
both needles, and sponges). For containers designed for
sponge disposal, the container can also have a scale which
can enable the determination of pre-operative versus post-
operative weight of the sponges. This weight data can
provide estimates for operative fluid or blood loss from a
patient.

Containers of interest may also include surgical sharp
object displayers that promote identification of the surgical
sharp objects (as well as other surgical items, where
desired). Displayers may take a variety ol configurations,
such as a platform, either flat or inclined, which can, 1n some
embodiments, be back-lit, or front-lit, have direct on-axis
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lighting (DOAL), off-axis lighting, multi-axis lighting, etc.
or can have one or more mirrors or other retlective surfaces
for optimal 1dentification of the surgical sharp object or other
surgical 1tem. In some embodiments, the container can
include mechanical separators that are configured to provide
mechanical separation of the surgical sharp objects and other
surgical items, such as features which 1solate a newly added
item from previously placed items. Separators configured
for mechanical separation of counted from uncounted 1tems
can include, but are not limited to: manually triggered or
automatic trap-door mechanisms; vertical or horizontal
rotating or circulating drums, wheels, discs, or tlaps; valves
or flap mechanisms; screens; magnets; compressed air
driven separators; suction separators; separation arms; use of
motion such as shaking; etc. Power to the device may be
provided using any convenient protocols, such as via an
clectrical cord, a sterile disposable lead such as used with a
Bovie cord, or can be provided by an internal power source,
such as a battery. The power source can be housed 1n a sterile
case, covering, or sleeve.

FIG. 2A depicts one embodiment of a container config-
ured to i1dentity and dispose of a surgical sharp object. In
FIG. 2A, container 200 1s configured to 1dentity and count
a surgical sharp object, such as a needle 205 or other sharp
object, such as a scalpel blade 210. Container 200 includes
imaging device in the form of camera 215 that 1s activated
by the act of disposal of the surgical sharp object (e.g., with
a sync sensor (not shown)) to image the surgical sharp object
(e.g., needle 205 or scalpel blade 210) as 1t 1s dropped 1nto
the container and goes past the camera’s field of view. The
automated shape recognition of the surgical sharp object can
be performed dynamically as the sharp item slides down
incline 220 by a high-speed optical detection imaging device
215 (e.g., a camera capable of capturing multiple 1mages per
second). In this embodiment, the high speed optical detec-
tion 1maging device 1s camera 215 encased 1n a sterile case
217 and mounted onto a container configured to receive of
and dispose of sharp surgical objects. During use, an oper-
ating room proiessional, such as a scrub nurse, can release
a used needle 205 with the remnant of suture 207 from the
needle holder 225 or other instrument into the container,
without the need to manually manipulate the used needle.
The needle 205 1s released and allowed to drop 1nto the chute
230 and onto an incline 220. As the presence of the dropped
needle 1s sensed by a sensor (not shown), camera 215
enclosed within a sterile case 217 1s activated to capture
image data, e.g., in the form of a video or multiple still
photos, as the sharp object slides down the incline 220.
Camera 215 may be capable of capturing image data at many
frames per second, which allows for identification of the
shape of the particular needle 205, and in some embodi-
ments, characteristics such as the texture, shape, or color of
the associated suture 207. The image data obtained by the
camera 1s compared by the system (e.g., 1n computer
memory) to data representing the items that have been
registered and counted as present at the operation. After
identifving the surgical sharp object, the system counts the
discarded 1tem out of the operation (e.g., “checked out™).

After dynamic automated shape recognition of the surgi-
cal sharp object as 1t slides down the incline 220, the counted
item falls into the lower chamber 235 of the disposal device
contaiming the previously counted and discarded items.
Once the needle i1s inside the container, no further human
contact with the sharp object 1s possible, removing the risk
of mjury or illness from contact with the sharp object.
Furthermore, the need for repeat counts 1s avoided. At the
conclusion of the operation, 1f the counts are all correct, the
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lower chamber 235 1s simply uncoupled from the imaging
umt comprising the camera 215 and case 217. The lower
chamber 235 contaiming all of the counted needles 205 and
scalpel blades 210 1s simply removed and incinerated 1n a
manner similar to all of the other sharp containers present in
the 1nstitution.

FIGS. 2B and C show another embodiment of the device
for 1dentitying and disposal of a surgical sharp object. In the
embodiment shown in these figures, after the detection of the
sharp object, the object 1s mechanically 1solated from any
additional added sharp objects. The container may include
any convenient mechanical 1solation mechanism, such as a
platform which opens like a trap door. In FIG. 2B, camera
215 within the sterile case 217 detects the needle 205 or
scalpel blade 210 dropped into the chute 230 after 1t 1s
released from needle holder 225 and lands on the horizontal
plattorm 240. The sharp object 1s then identified and
counted, and the system introduces this information into a
database which contains a record of the number and type of
sharp objects counted 1nto the operation. After the surgical
sharp object (e.g., needle) 1s 1dentified, the horizontal plat-
form 240 opens like a trap door to allow the counted needle
205 to fall by gravity into the lower chamber 235 of the
container, e.g., as depicted in FIG. 2C. The physical sepa-
ration of the counted 1tem from the 1mage data acquisition
region ol the container by the horizontal platform 240
facilitates the detection and counting of the next item. FIG.
2C depicts the open trap door through which the counted
item drops into lower chamber 235. As with the container
shown 1n FIG. 2A, lower chamber 235 will be separated
from the remainder of the container and discarded at the end
of the operation.

In FIG. 2D, an ‘“uncounted” needle 205U and suture
remnant 207U or other sharp object such as a scalpel 210U
1s dropped from the needle holder 2235 through the chute 230
onto the horizontal platform 240 at the bottom of the
disposal container. In contrast to earlier embodiments, the
as-yet uncounted needle 205U {falls onto the platform 240,
which can mcorporate a magnet 245 or lie just above such
a magnet 245, which limits motion of the counted items. In
some embodiments, the platform can also mclude a surface
that limits movement of the counted items, e.g., a surface
covered with an adhesive material. The as-yet uncounted
needle 205U or scalpel blade 210U lies on the platform 240
among previously counted sharp surgical objects (e.g,
needle 205). In this embodiment, the automated shape
recognition system 1s configured to count only the new
addition (e.g., needle 205U) present 1n the camera field of
view. The system can be configured to count only the newly
discarded objects, making the mechanical separation dis-
cussed 1n the embodiments of FIGS. 2B and 2C unnecessary.
The system 1s configured to provide an ongoing running
total of various needles 205 and other sharp objects, such as
scalpel blades 210. The automated shape recognition system
may be configured to “correct” for errors such as, but not
limited to, needles or scalpel blades that overlie each other
or are crossed, bent needles, needles 1n close proximity to
other needles or sharp objects, etc., as discussed further
below.

Components of the system can also include one or more
mounting devices for the imaging devices; one or more light
sources; one or more containers for identification and dis-
posal of a surgical sharp object; one or more display units;
devices for the input of data (e.g., a keyboard); speech
recognition capability or devices; input/output hardware or
communication links with other components of a system to
report results (e.g., a display unit, or automated speech
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confirmation of a counted or identified item); one or more
devices or features to notily operating room personnel that
an item 1s missing or unaccounted for (e.g., an auditory or
visual alarm, or automated speech confirmation of a counted
or 1dentified 1tem); one or more devices to notily operating
room personnel that an item has been counted or 1dentified
(c.g., a change in color of a photochromic dye label); a
computer readable storage medium; and a CPU (Central
Processing Unit) for integrating the components of the
system.

The subject systems can be used for automated 1dentifi-
cation and tracking of surgical sharp objects, instruments,
and sponges during a surgical procedure. The functions of
the subject surgical item identification and tracking system
can include, but are not limited to: sensing, identiiying,
tracking, marking, managing, monitoring, controlling,
checking, dating, timing, billing, inventory control, medical
and medicolegal record keeping, and comparing with pro-
tocol.

The term “system”™ can include the hardware means,
soltware means, and data storage means used to analyze the
information of the present invention. Systems may 1nclude
a central processing unit (CPU), input means, output means,
and data storage means, etc. Any convenient computer-
based system may be employed in the present invention.

In addition to, or 1n some cases alternatively, the system
may include a number of additional functionalities beyond
the automated shape recognition of sharp objects, e.g., as
described above. These additional functionalities may
include identification (and 1n some instances tracking) of
surgical 1tems beyond surgical sharp objects, such as instru-
ments and sponges. Such additional functionalities may
employ the use of unique identifiers, etc. Aspects of these
additional system functionalities (which may or may not be
present 1 a given system) are now described 1n greater
detaul.

Unique Identifiers

Additional components of the intra-operative i1dentifica-
tion and tracking systems of the mvention can include one
or more detectors configured to recognize a unique identifier
label on a surgical item (e.g., a surgical instrument, surgical
sponge or even a surgical sharp object) and a unique
identifier recognition module configured to identily a sur-
gical item by sensing or detecting a unique 1dentifier present
on the surgical item. As such, the system may be configured
to employ labeled surgical 1tems. The labeled surgical 1items
can include a variety of different types of labeling, including
but not limited to: optical labeling, microdots, ultrasound or
acoustic labeling, microscopic labeling, DNA labeling,
nanotechnological labeling, electro magnetic identification
(EMID) labeling, conductive labeling, inductive labeling,
magnetic or electromagnetic labeling, magnetomechanical
markers, radiofrequency (RFID) labeling, resonant markers,
capacitive coupling, macroscopic or microscopic 1D or 2D
barcodes, microchips, photochromic dyes, piezochromic
dye polymers, radiopaque labels, luminescent or fluorescent
labels, radioactive labels, etc.

The 1dentifier labels can be passive or active, 1n that they
can be 1dentifiers that are read by a detector (e.g., where the
label 1s a barcode and the detector 1s a optical barcode
reader), or they can be labels (i.e., 1dentifiers) that actively
transmit a signal (e.g., where the label 1s a transponder and
the detector 1s a receiver configured to receive a signal
emitted by the transponder). The label can be added onto a
surgical item by any suitable means, such as etching, laser
cetching, machining, adhesive, etc., or it can be a label
applied to a tag which then can be attached to a surgical item
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through adhesive or any other suitable means. Alternatively,
the label or 1dentifier can be incorporated into the item (e.g.,
an EMID label woven or otherwise incorporated into the
fabric of a sponge). In some embodiments, the labels or
identifiers retain their function when autoclaved or steril-
1zed. In some embodiments, the labels or 1dentifiers can be
enclosed 1in a covering (e.g., a plastic covering) which allows
them to retain their function when autoclaved or sterilized.
The labels can be added to a surgical 1item at any time, e.g.,
during manufacturing, or in the operating room, etc.

Additionally, in some embodiments, the label can include
an element which changes once detected. For example, the
label may be a photochromic dye which undergoes a revers-
ible photochemical reaction where an absorption band 1n the
visible part of the electromagnetic spectrum changes dra-
matically in strength or wavelength, resulting in a visible
change 1n color to the observer. Over time the photochromic
dye can return to the original color, which allows recounting
or rescanning of the surgical item. An element of a label
which includes a visible change can assist operating room
personnel in verifying that an 1tem has been counted.

Different labels can be chosen for each individual surgical
item, such as sponges, sharp objects or instruments. For
example, an EMID tag may be used with a sponge and a
microdot used with a hemostat. Factors that may be con-
sidered 1n the selection of a suitable label for each surgical
item can include whether or not a suitable label already
exists, e.g., a barcode on a pre-packaged set of needles.
Other factors can include distance at which a label can be
read, whether or not the label needs line-of-sight to be read,
orientation requirements, size of the label or the surgical
item, lighting requirements for detecting or reading the
label, ability to be autoclaved, and ease of integration with
the other elements of the system, etc. In addition, each
member of the operating room stail can also have individual
identifying labels, e.g., barcodes, that can be used to 1dentily
the personnel present in the room for a surgical procedure,
as well as provide a method for authorization (e.g., an
clectronic *“‘signature™) for a instrument count, for example.
In some embodiments, these personal 1dentifiers can be used
to assign responsibility for any individually identified or
tracked surgical item. For example, 11 a surgical sharp object
such as a 4-0 Prolene™ needle 1s dropped into a disposal
container, the system can prompt the operating room stail
(e.g., scrub nurse) who can agree or disagree with the
identification, and confirm with his/her personal time
stamped signature. Similarly, a dropped needle can be
placed 1n a disposal container by the circulating nurse, who
can confirm the identification of the discarded needle with
his/her personal time-stamped signature. In some embodi-
ments, the use of these personal identifiers allows the
real-time assignment of responsibility for an identified or
counted surgical item at any time during a surgical proce-
dure. In some embodiments, the use of these personal
identifiers can be used for the real-time assignment of
responsibility for all identified or counted surgical items
during a surgical procedure. The 1dentifiers can be present 1n
any convenient location, such as on a badge, or ID card, or
bracelet, for example.

A given label can include any desired information about
the 1tems with which it 1s associated, including type, model,
s1ze, composition (e.g., cotton or synthetic 1n the case of a
surgical sponge), manufacturer, date of manufacture, cost of
the 1tem, etc., i addition to providing unique identifying
information for that item. For example, 1f there are five
hemostats of similar type being used for a surgical proce-
dure, each hemostat can have, 1n addition to information
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indicating the type of surgical instrument, etc., unique
identifyving information such that each of the five hemostats
can be individually 1dentified and tracked. Unique 1dentify-
ing mformation can include, but 1s not limited to, a unique
string of numbers and/or letters, or a particular frequency,
and can be used 1n combination with information about that
particular item (e.g., the type or model). In some embodi-
ments, a surgical item can have two or more labels, and in
some embodiments a surgical item can have two or more
different types of labels (e.g., a barcode and a microdot
label). In some embodiments, a surgical item can have more
than one label, ¢.g., a manufacturer-applied label and a label
applied by the hospital, or even a label applied for a
particular procedure.

It should be understood that the terms “identifier”,
“label”, “tag” and “marker” are used interchangeably.
Accordingly, depending on the properties of the label, the
label can be used to indicate one or more of: (a) the presence
of the label (and therefore the presence of the surgical item
to which the label 1s attached); (b) the 1dentity of the label
(and therefore that of the surgical item to which 1t 1s
attached); and (c¢) the location of the label (e.g., on the
operating table or 1n a disposable sharp objects container). In
some embodiments, the location of the label can further
indicate the precise position of a label with respect to
predetermined co-ordinates (and hence that of the surgical
item to which it 1s attached). The label can also 1 some
embodiments provide information which can be used for a
system such as an mventory or billing system.

In one embodiment, surgical items can have a passive data
tag, such as an EMID tag, which employs small amounts of
very high-permeability magnetic material, with an alternat-
ing magnetic field for interrogation or detection. Since the
magnetic material can be 1n the form of a thin foil, wire or
film, 1t can be bonded directly to paper or plastic to form
self-supporting tags. Further details of such labels, as well as
the detectors that can adapted for use with the present
methods and systems, can be found mm U.S. Pat. Nos.
6,371,379, 6,230,972, and 6,054,924, the disclosures of
which are herein incorporated by reference. In some
embodiments, one or more of the magnetic materials on the
tag 1s divided into distinct zones such that the zones and their
relative positions can represent information or a code which
1s readable magnetically by passing the tag through a
magnetic field which has a relatively small region of zero
magnetic field (a magnetic null) contiguous with regions
where the magnetic field 1s suilicient to saturate the magnetic
materal, the tag being moved through the magnetic field and
its magnetic response being detected as it traverses the
magnetic null. The magnets can be a permanent magnet or
an electromagnet.

Magnetic labeling techniques can also 1include magneto-
striction, programmable magnetic resonance (PMR) which
employs a magnetostrictive resonator element or nonmag-
netostrictive (insensitive to strain) magnetic material. Fur-
ther details of labels or tags as well as the detectors that can
be used 1n the present methods and systems can be found in
U.S. Pat. No. 5,456,718, the disclosure of which 1s herein
incorporated by reference.

FIGS. 10A-10D show other embodiments of labels that
can be employed with a surgical item, such as a sponge,
istrument or surgical sharp object, such as needle or
scalpel. In FIG. 10A, the information 1s repetitively encoded
as a unique microscopic serial number assigned to that
particular unique surgical item, represented as a microscopic
dot 1005 roughly the size of a grain of sand. Commercially
available for identification purposes on casino chips since
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the 1990’s, the application of such labels 1005 to surgical
items permits the identification of each unique surgical item,
such as sponge, instrument or sharp object. The application
of the microscopic label 1005 can be performed by a spray
adhesive type application of multiple, up to thousands, of
identical labels 1005, or the multiple labels 1005 can be
woven as a thread 1nto the fabric of the a sponge. The label
1005 depicted 1n FIG. 10A 1s a number such as a unique
serial number 1010 which can be read by a still camera,
video camera, digital microscope, DNA-based code reader
or other software based reader, etc., capable of reading the
actual serial number or other identifier assigned to the
surgical 1tem of interest. The detected label 1005 containing,
the serial number 1010 1s microscopic in this depiction. The
reader or camera may or may not be used with magnification
via a microscope lens 1015, depending on the capabilities of
the detector. FIG. 10B depicts i greater detaill an embodi-
ment of a microscopic label 1005 1n which the 1dentifier 1s
1D barcode 1020. Again, the reader may or may not use
magnification via lens 1015 to facilitate reading the unique
microscope 1D barcode 1020. In FIG. 10C, the unique
identifier 1s a microscopic 2D barcode 1025, 1dentified via
lens 1015. As shown in FIG. 10D, a digital microscope 1030
can be used to digitally magnily and detect the i1dentifiers
1005.
Detectors

Detectors for detecting labeled surgical items can include
but, are not limited to, detectors for reading labels, including
conventional scanners which are adapted to sense the pres-
ence of conventional integrated circuit (IC) transponders on
or within articles; devices that establish electromagnetic
fields and sense the presence of a conducting element in the
fields, such as dipole wire elements, microchips, microtran-
sponders, microtransmitters or threads in the articles (which
may be encoded i desired); sensors for detecting electro
magnetic 1dentification (EMID) labels; radiofrequency
(RFID) label detectors; radiation detectors adapted to sense
radioactive tracers 1n the articles; recervers adapted to sense
signals from transmitters 1n the articles; sensors adapted to
sense radiopaque handles or threads in the articles; photo-
clectric or optical sensors adapted to read macroscopic or
microscopic 1D or 2D barcodes or other codes 1n or on the
articles; optical character recognition detectors; MRI detec-
tors which sense MRI active polymers or other materials;
magnetic or electromagnetic label detectors, magnetome-
chanical marker detectors; ultrasound or acoustic readers:
DNA label readers; nanotechnological label readers; induc-
tive label readers, conductive label readers; resonant marker
detectors; capacitive coupling detectors and sensors; pho-
tochromic dye readers; color sensors; video cameras; tran-
sponders adapted to sense the presence of passive electronic
ID radio tags; laser scanners; cameras; thermal detectors;
luminescence detectors; infrared detectors; piezoelectric
detectors; tfluoroscopic detectors; electronic article surveil-
lance (EAS) system detectors, such as magneto-harmonic,
acousto-magnetic or magnetostrictive and microwave detec-
tors, any other suitable detector for detecting surgical 1tems.
In some embodiments, a conductive detector that can detect
a surgical item by physically touching a label directly, or by
physically touching a surgical item with an attached label
can be used to retrieve the unique 1dentifier for the surgical
item. In some embodiments, a conductive detector can have
a low power output, and can detect the presence of a label
(e.g. an electrical binary code label, or integrated circuit
label). In some embodiments, a circuit can be formed by the
connection of electronic labels on multiple surgical 1tems
(e.g., mstruments) where each surgical item has an indi-
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vidual unique label. By physically touching one instrument
or label on an instrument in the circuit, the conductive
detector can simultaneously or nearly simultaneously detect
all of the unique 1dentifiers on all of the surgical items 1n the
circuit. In this embodiment, the circuit formed by multiple
surgical 1tems (e.g., conductive metal mstruments, or con-
ductive metal added to connect instruments to complete the
circuit) facilities rapid identification. In some embodiments,
an inductive detector can be used which can detect a surgical
item or multiple surgical items by suflicient physical prox-
imity to retrieve the unique 1dentifier, which may or may not
be connected by a conductive circuit (e.g., conductive metal
instruments, or conductive metal added to connect instru-
ments to complete the circuit). In some embodiments, an
inductive detector can also simultaneously or nearly simul-
taneously detect all of the unique i1dentifiers on all of the
surgical 1items, when the surgical i1tems are in sufliciently
close proximity to allow inductive detection. In some
embodiments, the detector can be an imaging device, which
can be used to obtain 1mage data of, for example, a surgical
sharp object using a process of automated shape recognition,
as discussed above.

The detectors can be passive or active, 1n that a detector
can read a label (e.g., barcode, electrical binary code label,
or mtegrated circuit label), or a detector can actively trans-
mit a signal to a label and check for a response (e.g.,
transponder). The detector can also be configured to detect
a label characteristic, such as visual characteristic. In some
embodiments, the detector can activate a change 1n a label
characteristic (e.g., cause a change 1n color of a photochro-
mic dye) on a surgical item, which indicates that a surgical
item has been counted. As indicated above, surgical sharp
object disposal containers may include one or more suitable
light sources, which can be specialized light sources such as
a light-emitting diode (LED) illuminators, fluorescent or
halogen lamps, etc. The lighting can be used to illuminate
the surgical sharp object to be imaged, and can also be used
to highlight features of interest and obscure or minimize the
appearance of features that are not of interest (such as
shadows or retlections). The lighting can be located i any
suitable location, including on or near the camera, or on or
under a surface or platform where the surgical item to be
imaged 1s placed, including lighting that 1s “front-lit”,
“back-11t”, direct on-axis lighting (DOAL), ofi-axis lighting,
multi-axis lighting, etc.

The detector for detecting the labeled surgical 1tems can
be hand-held, or 1t can be mounted, for example, such that
it 1s 1n a stable position relative to a table such as a sterile
back table or a “mayo stand”. Alternatively, the detector can
be mounted from a ceiling or wall fixture overhead, for
example, such that 1t 1s 1n a stable position relative to an
operating room table or a sterile back table. In some embodi-
ments, the mounting apparatus or hardware for securing the
detector can be adjustable, such that the distance from the
detector or viewing angle of the detector relative to the
surgical 1items being detected can be adjusted. In other
embodiments, the mounting apparatus for securing the
detector 1s 1n motion, such that the detector can continuously
scan the 1tems on a sterile back table or 1n the operating field.
In some embodiments, a detector can be capable of being
hand-held or placed on a stand, for example, a detector can
be held by a circulating nurse to register one or more surgical
items, and then can be placed on a mounting apparatus on a
sterile back table, so that the detector can register items
placed on the sterile back table. The detectors can therefore
be positioned to image surgical sharp objects, surgical
instruments or surgical sponges that have been placed onto
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a sterile table; e.g., a sterile back table. In some embodi-
ments, the detector can be part of a container, such as a
surgical sharp objects container configured for disposal of
the sharps, discussed further above.

Factors that may be considered 1n the type, number, and
placement of detectors 1n the operating room can include the
distance at which a label can be read, whether or not the
label needs line-ot-sight to be read, lighting requirements for
detecting or reading the label, orientation requirements, size
of labels and/or detectors, and ease of integration with the
other elements of the system. Detectors can also incorporate
or be used with a magnifying lens, and 1n some embodi-
ments, the detector can be an optical or digital microscope.

The detector can be powered as desired, e.g., with a
battery, with building electricity or any other suitable power
source. The detector can transmit data using any convenient
protocol, such as via a cable connection via a wireless
communication protocol. The detector can be sterile or
non-sterile, and in some instances can change from one
status to another. For example, a sterile covering may be
placed over a previously non-sterile detector, as desired.

Multiple different detectors can be used 1n multiple loca-
tions around the operating room. More than one detector can
be used 1n one location (e.g., one or more detectors can be
mounted over the operating table), and in some embodi-
ments, more than one type of detector can be used in one
location (e.g., a barcode reader and a EMID tag reader may
be mounted on a sterile back table). In other embodiments,
a single detector can have more than one capability (e.g., a
single hand-held detector can be capable of reading barcodes
and microdots).

Depending on the properties of the device, the detector
can perform a number of diflerent functions, such as detect-
ing the presence of a label (and therefore the presence of the
surgical 1tem to which the label 1s attached); identitying the
label (and therefore the 1dentity of the surgical item to which
it 1s attached); or determining the location of the label (e.g.,
on the sterile back table or in a surgical sharp objects
disposal container). In some embodiments, by detecting the
location of the label, the precise position of the label can be
determined with respect to predetermined co-ordinates (and
hence that of the surgical item to which it 1s attached).
Detection of the label can also include automatic entry of the
information into the system, and can include display of the
information on a visual display unit, e.g., an LCD or plasma
monitor, of the system. Detection of the label can also, in
some embodiments, be used to provide mformation which
can be used for a system such as an mventory or billing
system. As used herein, the terms “to sense”, “to detect”, “to
scan”, “to read”, “to 1identity”, and “to register” are used to
indicate the process of determining the presence of a label,
the information carried by a label, the location of the label,
the time the label 1s read, etc., as described above. In some
embodiments, the detector can 1dentify a surgical item (e.g.,
forceps or surgical needle) without the need for a label by
using automated shape recognition, e.g., as discussed further
above.

Detection of an item can be performed when the 1tem of
interest 1s moving (such that the 1tem 1s dynamically
detected) or when the 1tem of interest 1s stationary (such that
the 1tem 1s statically detected). For example, an 1tem may be
dynamically detected by placing the 1tem within the range of
a detector, such as placing the 1item beneath a detector or
moving an 1tem past a detector, or vice versa (such as where
a hand-held detector 1s moved past the item). For static
detection, detection can be performed while the i1tem of
interest 1s stationary, e.g., on a sterile back table. In some
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embodiments, 1f the detector 1s part of a device, such as a
container for identification and disposal of a surgical sharp
object (such as described above), the 1tem can be scanned as
it 1s dropped into a container, e.g., a disposable sharps
container. In other embodiments, a fixed scanning device
can have a slot through which objects may be passed through
for pre-operative or post-operative scanning. Individual
objects, such as packaged sutures or scalpel blades, or
similarly, groups of objects, such as lap pads or sponges, can
be fixed to a reusable or disposable holder and scanned for
pre-operative counting. The same or a different reusable or
disposable holder for used lap pads or sponges can also be
used for post-operative scanning. In some embodiments, a
scale can be included with a scanming device (e.g., for
scanning sponges) for determining the weight of blood or
other fluid contained within the sponges and lap pads after
the surgical procedure.

In one embodiment, such as when EMID tags are
employed, the detectors can sense the presence of a mag-
netic tag, by passing the tag through a magnetic field which
has a relatively small region of zero magnetic field (a
magnetic null) contiguous with regions where the magnetic
field 1s suflicient to saturate the magnetic material, the tag
being moved through the magnetic field and 1ts magnetic
response being detected as 1t traverses the magnetic null.
Further details of labels or tags as well as the detectors that
can be adapted for use with the present methods and system
can be found 1n U.S. Pat. Nos. 6,371,379, 6,230,972, and
6,054,924, the disclosures of which are herein incorporated
by reference.

Labels and detectors, e.g., as described above, may be
employed in the detection and tracking of a vanety of
different surgical items, including surgical sharp objects
(1.e., sharps), instruments and sponges. Detection and track-
ing of each of these types of surgical items 1s now reviewed
in greater detail below.

Sharps Detection and Tracking

Surgical sharp objects, such as scalpels, blades, or
needles, can be labeled, detected, and tracked using any of
the one or more systems and methods disclosed above. In
one embodiment, the “inbound”, or initial counting of a
surgical sharp object can be performed by reading a barcode
on the packaging of a needle. The tracking of surgical sharp
objects during a surgical procedure, as well as the “out-
bound”, or final count before wound closure, can be per-
formed via a shape recognition protocol, e.g., as described
above, eirther in conjunction with or instead of a label
identification protocol. As such, methods of tracking surgi-
cal sharp objects can include imaging a surgical sharp object
to obtain 1mage data, and then identifying the surgical sharp
object using the image data by automated shape recognition,
as described above. In some embodiments, 1maging of the
surgical sharp object 1s performed by a container configured
for disposal of the surgical sharp object.

In addition to surgical sharp objects, various sizes and/or
types ol screws, bolts, plates and other hardware such as
those used in orthopedic surgery or neurosurgery can be
labeled, detected and tracked using any one or more methods
disclosed above, including automated shape recognition.

FIGS. 3A-C depict exemplary surgical sharp objects that
include labels that can be employed for the imitial count
before the operation begins. Additional items that are
required by the surgeon as the operation progresses can be
counted in a similar manner as needed. FIG. 3A depicts a
pre-packaged container 310 in which the needle and suture
to be added to a surgical field 1n a sterile manner 1s delivered
by the manufacturer. The pre-packaged container 310 lists
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the name of the suture and needle type, pre-printed infor-
mation 315 such as the manufacturer (e.g., Ethicon™) and
other information of value to the hospital and stafl, such as
lot number. The pre-printed information can be used for
“mmbound” counting; e¢.g., by a barcode reader. Pertinent to
counting the item optically 1s an actual size picture 320 or

diagram of the needle and/or a 1D barcode 325 or 2D
barcode 330 with an 1dentitying code for that specific needle
type and suture. FIG. 3B depicts a surgical needle 340 and
suture 343 alfter the packaging has been discarded. In some
embodiments, the exposed needle 340 and suture 3435 can
also be counted by automated shape recognition, for
example, using automated shape recognition equipment, 1n
cases where the count was not performed already on the
packaging 310 with an 1dentifying picture or diagram 320,
1D barcode 325 or 2D barcode 330, for example as shown
in FIG. 3A. Some needles 340 used 1n surgery are designed
for repeat uses 1n which different lengths of suture are added
to the eye of the needle. Automated shape recognition of the
individual needle 1s particularly suited to identiiying these
needles 1n cases where the packaging does not convey
identifying information in barcode format. For example, the
surgical sharp object (e.g., needle) can be 1maged to obtain
image data, and then identified using automated shape
recognition. FIG. 3C depicts a disposable scalpel blade 350
shown already removed from its packaging (and thus
removed from any associated barcode information). How-
ever, 1n this example, the blade itself has a 1D barcode 355
and/or 2D barcode 360 laser etched 1nto the steel of the blade
or onto a label then applied to the blade, which facilitates the
quick detection of the sharp object, e.g., with a unique
identifier recognition module. If the barcoding 1s absent,

automated shape recognition of the blade 1itself can be used
to detect, 1dentily, and count the sharp object (e.g., scalpel

blade).

FIGS. 4A and 4B show examples of hand-held scanners
designed to detect the surgical sharp objects to be counted
whether they are presented in their original packaging or
have been removed from the packaging. FIG. 4A 1s a
schematic of a hand-held scanner 400 (or alternatively a
mounted camera) designed to detect needle and suture
packaging 410 marked with 1D barcoding 425, 2D barcod-
ing 430, pre-printed information 415, or actual size picture
420. Also shown 1s scalpel blade 440 marked with a 1D
barcode 425 and a 2D barcode 450. The hand-held scanner
440 can be used to scan and 1dentify the sharp objects and
convey the mnformation to be processed by the system,
updating the count as the items are added to the field by the
circulating stafl. Alternatively, a sterile hand-held device
480 may be used by the scrub nurse to count the needle 470
already added to the field, but not yet added to the count. A
sterile case 460 enclosing the hand-held scanner 400 main-
tains the sterility of the field. The information pertaining to
the idenfification of the needle, aided by the additional
information identifying the attached suture 475 when
desired, 1s transmitted, e.g., wirelessly or via sterile cable or
a cable also within the sterile case or sheath, to the other
components of the system for data management.
Instrument Detection and Tracking

Instruments can be labeled, detected, and tracked using
any ol the one or more methods disclosed above. In one
embodiment, the “inbound”, or 1nitial counting of a surgical
instrument, tracking during a surgical procedure, and the
“outbound”, or final count of surgical instruments before
wound closure can be performed by a umque identifier
recognition module (e.g., by detection of a barcode, a RFID
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tag, or laser-etched tag, etc.). The methods of instrument
detection can be used with reusable or disposable instru-
ments.

By surgical instruments 1s meant tools or implements used
during a surgical procedure or operation, including but not
limited to: graspers such as forceps, needle holders, clamps,
retractors, cutting devices such as scalpels, scissors, or
trocars, etc., dilators, irrigation or suction devices, hemo-
stats, etc. In some embodiments, this can include other 1items
that are used 1n a surgical procedure such as syringes, red
rubber catheters, suture holders, or any other item present in
the surgical procedure room that has the potential to be
unintentionally retained in a patient, and 1s therefore 1s
included 1n operating room policy counting protocol.

FIG. SA depicts an example of a metal instrument used 1n
surgery. An mstrument 300 (e.g., scissors) can be marked by
cither laser etching the metal of the actual mstrument or by
application of a laser etched label 510 to the metal of the
istrument. The application of the barcode to the instrument
provides for a unique 1dentifier assigned to the individual
instrument 500. Thus, when the barcode label 510 1s
detected, the unique identification and counting of that
particular instrument 1 1s accomplished. FIGS. 5B to 5E
provide schematic views of various labeling possibilities for
surgical mstrument 500. FIG. 5B depicts a surgical instru-
ment 500 labeled by the spray application of many multiple
microscopic identifiers 520, such as commercially available
“microdots” with a unique 1dentifier such as a serial number,
DNA label, or 1D or 2D barcode. FIG. 5C depicts a similar
mstrument 500 which has been labeled by, in this example,
four small but macroscopic 2D barcodes 530 (similar to
those described 1n greater detail below) at four locations on
the particular mstrument. FIG. 5D depicts a combination of
possible labeling techniques 1n which the istrument 500 has
been labeled with commercially available surgical instru-
ment tape 540 which 1itself has been labeled with one or
more macroscopic 2D labels 530 and/or microscopic labels
520. FIG. 5E shows yet another embodiment in which a
combination of microscopic and macroscopic labels are
used. In this embodiment, the scissors 500 have been labeled
with threads 350 incorporating microscopic labels 520
applied to the instrument 500 along one axis and handle and
additional microscopic labels 530 have been spray applied
or wrapped on the other axis of the scissors 500. Alterna-
tively, the label may be etched, including laser etching, or
applied using a permanent direct product marking (DPM)
process such as dot “peening” to the particular mstrument,
or tag attached to the instrument, needle or sponge depend-
ing on the physical characteristics of the item to be identi-
fied. In some aspects of the invention, more than one label
as well as more than one type of label as 1n these embodi-
ments can be used to enhance the accuracy and reliability of
the methods.

A schematic view of one embodiment of the unique
identifier recognition module configured to recognize an
individual instrument 1s shown in FIG. 6. In FIG. 6, a
handheld detection reader 600 1s utilized to detect the unique
identifier barcode label 610 applied prior to surgery to each
instrument 620. The handheld reader 600 detects the label
610 and transmits the information via cable 630 to other
parts of the system, e.g., a tracking module. In order to
maintain the sterility of the operative field, the detection
reader 600 can be enclosed in a sterile case 640 and the
connecting cable 630 can be enclosed 1n a sterile sleeve 645.
Connecting cable 630 can carry information from the detec-
tion reader 600 to a central processing unit as well as to other
components of the system. In FIG. 6, the handheld detection
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reader 600 may be replaced by a reader 650 which 1s
enclosed 1n a sterile case 640 to maintain the sterility of the
operative field. The reader 650 1s analogous to reader 600,
except that no connecting cable 1s necessary because the
detected mformation associated with the unique identifica-
tion of that particular instrument 620 1s transmitted to the
central processing unit (CPU) using any suitable method
such as e.g., BLUETOOTH, WI-FI, WI-MAX or other
wireless communication protocol.

Counts can be performed with the automated embodiment
prior to the mitiation of the skin incision at the beginning of
the operation. In addition, counts can be performed when-
ever desired later 1n the operation. The described embodi-
ment fits well with currently accepted protocols, which
require the agreement by two members of the operating
room stail on the mmitial and final counts and any changes
during the operation. Recording the accuracy of the count by
time-stamping the performed counts automatically allows
real-time accuracy throughout the operation. The detectors
may be configured to read barcodes assigned to the pertinent
personnel agreeing to the count. In such mstances, by simply
having the detector read the personnel code as instruments
620 are added to or removed from the field, the accuracy of
the count and counters 1s enhanced.

An alternative embodiment of an imstrument detector 1s
shown 1n FIG. 7. FIG. 7 1s a schematic of a surgical
instrument recognition detector 700 configured to detect a
unmque 1dentifier 1in the form of microscopic serial number
710 assigned to the unique surgical item, such as instrument
720. The schematic depicts one of the multiple possible
methods which can be used to indicate to the operator the
reading of the particular serial number 710 assigned 1n this
case to mstrument 720. In this depiction, there 1s a pho-
tochromic dye 730 associated with, e.g., overlying or adja-
cent to, the serial number present on microscopic label 710
or adjacent to the macroscopic label. The dye 1s activated by
light emitted by the detector 700 to aid the detection of the
identifier. Alternatively, a parallel beam of appropriate light
740 (UV or otherwise) 1s emitted from another source 750
incorporated into or on the detector 700 as the detector 700
simultaneously scans over the labels 7135 and/or 710 thereby
activating the photochromic dye. The photochromic dye
within the polymer applied to the counted 1tem, 1n this case
an mstrument 720, changes color once 1t has been detected
indicating to the operating room personnel that the 1nstru-
ment has been counted. The detector 700 itself can also
indicate 1t has read the serial number on the instrument label
by emitting an audio beep from sound source 760 and/or
visual indication by illuminating a light or LED indicator
770 on the detector 700. In addition, the actual name of the
counted 1tem can be displayed 1f desired on the main display
unit to further confirm 1n real-time the accurate count of the
istrument 720.

The use of the photochromic dye/polymer on the counted
item can be useful 1n that i1t provides an additional indicator
(c.g., 1n the form of a color change of the dye) for the
operating room personnel performing the count to see.
Therefore, 1f the scanning personnel fail to see a surgical
item color change of the photochromic dye, the operator of
the detector 700 immediately knows to rescan the mstrument
720. Therelore, failure of the surgical item to be successiully
scanned can be determined independent of the camera/
reader-based system. Conversely, time 1s not wasted rescan-
ning an 1tem already indicated by the color change that 1t has
been counted, (which can be confirmed by evaluation of the
sensor system display monitor) and thus the counting 1s
expedited and the entire process 1s more etlicient.
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Multiple different photochromic dyes are available which
may permit multiple color changes for multiple scans, i
desired. The time period the photochromic dye emits the
light 1s also varniable, which allows for much adjustment of
the desired counting process. The photochromic dye may be
applied directly to the item to be counted, can be 1corpo-
rated into or onto the labeling barcode or other identifying,
modality or i1t can be applied to surgical tape which itself 1s
then applied to the surgical item.

Other protocols for marking or identifying the item as it
1s counted can be used as disclosed above. Examples of such
protocols include, but are not limited to, conductive detec-
tion, inductive detection, radiofrequency identification,
piezochromic dye polymer changes on the counted item
(touch mitiated color change) and/or audio and/or visual
signals on the detector itself. Conductive, radioirequency,
piezochromic and/or simple audio beeps or visible lights on
the reader 1n addition to the real-time appearance on the
display module are also possible modalities to indicate the
successiul reading of the 1dentifier.

In some embodiments, the umique 1dentifier on a surgical
instrument 1s a conductive label (e.g. a label that can be
detected through conduction, such as an electrical binary
code label, or integrated circuit label) that can be detected by
physically touching the label directly with an appropnate
conductive detector. In other embodiments, the unique 1den-
tifier can be detected by physically touching the surgical
instrument with an attached label with a suitable conductive
detector. In some embodiments, a conductive detector can
have a low power output that can detect the presence of the
label. In some embodiments, a circuit can be formed by the
connection of electronic labels on multiple surgical instru-
ments wherein each surgical instrument has a unique label.
By physically touching one label (or instrument waith
attached label) 1n the circuit, the conductive detector can
simultaneously detect all of the unique 1dentifiers on all of
the surgical instruments in the circuit. In this embodiment,
the presence of a circuit formed by multiple surgical instru-
ments consisting of conductive metal 1n contact with the
unique 1dentifiers facilitates the rapid i1dentification of the
surgical mstruments 1n the circuit. In some embodiments,
the unique 1dentifier on a surgical instrument 1s an inductive
label (e.g. a label that can be detected by induction) that can
be detected with an appropriate inductive detector in suili-
cient proximity to detect the unique identifier. In some
embodiments, an inductive detector can simultaneously
detect one or more unique 1dentifiers on a group ol one or
more surgical mstruments with an approprniate inductive
detector, by bringing the inductive detector in suilicient
proximity to the group of instruments to detect the unique
identifiers in the group of instruments.

FIG. 8 1s a schematic view of a unique 1dentifier recog-
nition module configured to recognize an individual instru-
ment 800 or sharp object 810 by recognition of a unique
identifier (805 or 815 respectively) applied to the particular
surgical item. In this embodiment, 1dentifier 805 1s a unique
microscopic serial number that has been assigned to the
individual instrument 800 (depicted as scissors). The 1den-
tifier 803 1s detected via magnification through lens 820 and
then the detector 830 enclosed 1n a sterile case 840 reads the
information and relays 1t to the central processing unit via
cable 850 encased 1n a sterile sleeve 860. Software incor-
porated into the central processing unit, such as optical
character recognition programs, identifies the item read as
unique. In another embodiment, a digital microscope/reader
can digitally incorporate the necessary magnification to read
the microscopic serial number assigned to the instrument
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800. If the instrument needs to be removed from the field
because of contamination or malfunction, a similar non-
sterile reader and cable can be used by circulating, non-
scrubbed personnel to 1dentily and count the removed instru-
ment 800. In this manner, tracking of that particular
instrument 1s current, and the status of the instrument as on
or oil of the operative field i1s displayed in real-time for all
operating room personnel to see. FIG. 8 similarly depicts the
recognition of an individual sharp object (in this case a
surgical scalpel blade 810) labeled with a umique micro-
scopic serial number on label 815. The detector 830
enclosed within the sterile case 840 reads the serial number
of label 815 magnified by lens 820 and relays it to the central
processing unit via one of many available wireless trans-
mission systems. As described above, non-sterile similar
detection devices are used to detect and 1dentity and time-
stamp any sponge, mstrument or sharp item removed from
the field. All detectors 1n the operating room can be inte-
grated 1nto the system via wired or wireless connection to
track 1n real-time all surgical 1tems such as sponges, instru-
ments and sharp objects in use for the particular operation.
Sponge Detection and Tracking

Textile-based items, such as sponges, gauze, towels, or
lap pads, can also be labeled, detected, and tracked using any
of the one or more methods disclosed above. In one embodi-
ment, the “mnbound”, or initial counting of a sponge or lap
pad, tracking during a surgical procedure, and the “out-
bound”, or final count before wound closure can be per-
formed by a unique 1dentifier recognition module (e.g., by
detection of a barcode attached to or embedded 1n a sponge;
a conductive or inductive tag detected by an appropriate
reader; a RFID tag; or EM barcode, etc.) In some instances,
textile-based 1tems are objects that are configured for one
time use, such that they are to be disposed of following their
use 1n a given surgical procedure, and 1n some embodiments,
textile-based items are reusable. In some embodiments, the
pre- and post-operative weight measurement of discarded
sponges can also be obtained, which could provide an
estimate of the amount of fluid or blood loss from a patient.

FIGS. 9A-C depict a woven sponge 900 or other textile-
based object often used 1n surgery. In FIG. 9A, the sponge
900 1s marked by weaving or otherwise incorporating one or
more uniquely microscopically labeled threads 910, which
could be a unique 1dentifier such as microscopic or macro-
scopic serial number or barcode, 1D barcoding, 2D barcod-
ing, 3D wvisualization based, DNA labeled, nano particle
labeled, radiofrequency labeling, ultrasonic, conductive, or
clectromagnetic labels, etc., as desired. Currently used oper-
ating room sponges similarly have a woven, radio-opaque,
such as bartum-based, identifier for identifying the sponge
should 1t be retained 1n a body cavity. In some embodiments,
one or more labels can be used on the same sponge,
including, for example, the currently used radio-opaque
markers. The purpose of the microscopically labeled thread
910 1n the described methods 1s to 1dentify the sponge 900
and prevent the retention of the foreign body sponge 900. In
this embodiment, identification of the unique sponge 1s
achieved by reading a microscopic label 920 incorporated
multiple times 1nto the thread 910 woven one or more times
into the woven sponge 900. In FIG. 9B, the identical
microscopic identifiers 920 are spray applied to the sponge
itself, rather than incorporated into a single thread. The
labels, whether microscopic or macroscopic, single or mul-
tiple, are 1dentical for each individual counted item and label
cach item as unique. In FIG. 9C, a macroscopic 2D barcode
label 930 has been attached 1n one or multiple locations on
the sponge 900. The application of the macroscopic barcode
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label 930 to the counted item provides umique 1dentifying
information assigned to the sponge 900. Thus, when the
barcode label 930 1s detected the unique 1dentifying infor-
mation and counting of that particular sponge 900 1s accom-
plished.

In some embodiments, the umique 1dentifier on a surgical
sponge 1s a conductive label (e.g. a label that can be detected
through conduction, such as an electrical binary code label,
or integrated circuit label) that can be detected by physically
touching the label directly with an appropriate conductive
detector. In other embodiments, the unique 1dentifier can be
detected by physically touching the surgical sponge with an
attached label with a suitable conductive detector. In some
embodiments, a conductive detector can have a low power
output that can detect the presence of the label. In some
embodiments, a circuit can be formed by the connection of
clectronic labels on multiple surgical sponges wherein each
surgical sponge has a unique label (e.g., with a metallic
thread, or other suitable connection). By physically touching,
one label (or sponge with attached label) 1n the circuit, the
conductive detector can simultaneously detect all of the
unique 1dentifiers on all of the surgical sponges 1n the circuat.
In this embodiment, the presence of a circuit formed by
multiple surgical sponges connected through conduction
tacilities rapid 1dentification of all of the surgical sponges 1n
the circuit. In some embodiments, the unique i1dentifier on a
surgical sponge 1s an inductive label (e.g. a label that can be
detected by induction) that can be detected with an appro-
priate inductive detector 1n suilicient proximity to detect the
unique 1dentifier. In some embodiments, an inductive detec-
tor can simultaneously detect one or more unique identifiers
on a group ol one or more surgical sponges with an
appropriate inductive detector, by bringing the inductive
detector 1n suilicient proximity to the group of sponges to
detect the umique 1dentifiers 1n the group of sponges.

FIG. 11 depicts the use of a handheld detection reader
1100 utilized to detect the unique microscopic identifier
barcode label 1110 applied prior to surgery to each sponge
1125. The reader 1100, which can be handheld or mounted,
can detect the label 1110 incorporated into thread 1130
woven 1nto the sponge, and transmit the information via
cable 1150 to the central processing unit. Also shown 1s lens
1120. In order to maintain the sterility of the operative field,

the detection reader 1100 can be enclosed in a sterile case
1140. In FIG. 11 the connecting cable 11350 1s enclosed 1n a

sterile sleeve 1160. FIG. 11 also shows the handheld detec-
tion reader 1170 enclosed 1n a sterile case 1140 to maintain
the sterility of the operative field. The reader 1170 detects
the unique barcode label 1110 previously applied to the
surgical sponge 1125. With respect to reader 1170, no
connecting cable 1s necessary, because the detected infor-
mation associated with the unique identifier 1110 of that
particular sponge 1125 1s transmitted to the central process-
ing unit via any suitable wireless communication format.
Disposal Containers Configured for Label Identification

Systems of the invention may include disposal containers
for a variety of surgical items, such as sponges and sharps,
where the containers are configured to detect labels applied
to the 1tems. Such containers may further include automated
shape recognition capability, e.g., as described above. The
container may have any suitable shape, such as cylindrical,
square, rectangular, etc., and as shown below.

FIGS. 12A to 12B are schematic views of various embodi-
ments of container devices for identifying and disposal of a
surgical 1items, such as sponges and sharps. FIG. 12A depicts
an embodiment of a sponge disposal unit 1200 which could
be on or off the sterile field, designed to mechanically
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separate the uncounted discarded sponges from the previ-
ously counted and discarded sponges. As a discarded sponge
1210 with an incorporated i1dentifier label 1220 enters the
upper portion of the disposal unit 1230, the camera 1240
mounted on control arm mount 1245 detects and 1dentifies
the single sponge 1210 via magnifying lens 1250 by unique
identifier 1220. In this embodiment, mechanical separation
of the uncounted from counted sponges 1210 1s achueved by
using a trap-door mechanism 1260, which separates the
upper disposal unit 1270 (which holds the uncounted
sponges ) Irom the lower disposal unit 1280 (which holds the
previously counted sponges). Any suitable mechanical sepa-
ration techniques or electrical, electromagnetic and software
or hardware based techniques which can automate the
intra-operative counting of surgical sponges, instruments,
and/or needles can be used, such as described above. After
the sponge 1210 has been umquely identified and the
information captured, e.g., for use by another part of the
system such as sponge detection module, the trap door 1260
or other mechamism can facilitate movement of the sponge
1210 1nto the counted group. Where desired, a power source,
either electrical, battery, compressed air or suction, etc., may
be employed, e.g., i gravity alone 1s not suflicient to
separate the items.

FIG. 12B depicts another sponge disposal unit 1205
configured to count each sponge 1210 as 1t 1s discarded. In
this embodiment, the camera 1240 via the magnifying lens
1250 can detect one or more sponges 1210 as they slide
down an incline 12135 or alternatively as the sponges 1210
simply enter the lower disposal unit 1280 without any
incline. In some embodiments, gravity alone can cause the
surgical 1tem to “free-fall” through a detection zone or slide
down an inclined plane with or without backlighting. The
counting of the sponges in this embodiment can be done
without specific mechanical separation of counted and
uncounted sponges, because the system i1s configured to
identify the sponge as 1t enters the disposal umt, and/or the
system 1s configured to account for the time-stamped,
counted status of the previously discarded sponges. There-
fore, manual recounts of the previously counted discarded
sponges are not necessary, which eliminates recounts and
re-exposure to blood contaminated i1tems and enhances
surgical stall safety.

FIG. 12C depicts a surgical sharp object disposal unit
1225 similar to the sponge disposal unit 1200 shown 1n FIG.
12A which similarly counts each uniquely 1dentified needle
or sharp object as 1t 1s discarded by mechanical separation of
the uncounted sharp objects from the previously counted and
discarded sharp objects. As the discarded sharp objects 1235
(e.g., needle or scalpel blade) enters the upper portion of the
disposal unit 1270, the camera 1240 via magnilying lens
1250 detects the one or more sharp items with the incorpo-
rated identifier. In the lower unit 1280 the previously
counted sharp objects are collected for later disposal.

FIG. 12D depicts a surgical sharp object disposal unit
1255 similar to the sponge disposal unit 28 shown 1n FIG.
4B. In this embodiment, the sharp objects 1235 are detected
during gravity-induced “free fall” by identification of the
labels associated with the objects. Alternatively the item 1s
detected on the inclined surface 1295 before physically
sliding from the upper disposal chamber 1270 into the lower
disposal chamber 1280. FIG. 12D also depicts the detection
of the discarded sharp objects 1235 on the surface of the
lower disposal unit 1280, with or without backlighting of the
lower disposal unit 1280, as desired. This embodiment 1n
FIG. 12D, like that of the detection and counting of the
discarded sponges 1210 shown in FIG. 12B, can be done
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without mechanical or physical separation of the discarded
sharp 1tems 1235 because the system 1s configured to
identify a given sharp object as 1t enters the disposal unit,
and/or the system 1s configured to account for the time-
stamped, counted status of the previously discarded sharp
items present in container 1255. Therefore, manual recounts
of the previously counted discarded sharp objects 1235 are
not necessary, which improves surgical stail safety.

In some embodiments, the disposal container can be
entirely located within a sterile field (e.g., on top of a sterile
back table), or 1t can be entirely located in a non-sterile field
(¢.g., on the floor of the operating room). In some embodi-
ments, portions of the container can be both 1n a sterile field
and 1n a non-sterile field (e.g., a container may have an
opening with a chute which 1s configured to be on or 1n the
sterile field, which leads to the remainder of the container
which 1s positioned 1n a non-sterile portion of a room). In
this embodiment, the disposal container can have a chute,
such as shown 1n FIG. 15, on the side of the table such that
the top of the chute 1s flush with the top of a table. In some
aspects, the chute can be straight, as shown i FIG. 15, and
in some embodiments the chute can be angled. The chute can
be any suitable length to allow the opening of the chute to
be on or in the sterile field, with the remainder of the
container 1n a non-sterile field. In some embodiments, the
chute can be fixed to a portion of the table (e.g., the ledge,
or a table leg, etc.) to secure the chute and disposal container
to the table. Any portion of the disposal container and chute
can be used with a sterile sheath as necessary.

In some embodiments, the disposal containers can be used
with an integrated table. By integrated table 1s meant a table
that can be used during a surgical procedure, such as a sterile
surgical back table, that 1s configured to receive the disposal
container. An integrated table can have, for example, a
square-shaped box on top of the table configured to receive
a disposal container, or the box can be under the table,
accessed through a slot 1n the table, or 1t can be located on
the side of the table such that the top of the container 1s flush
with the top of the integrated table, etc. The area of the table
configured to receirve the disposal container can be any
suitable shape such that the disposal container fits inside,
such as square, rectangular, round, etc. In some embodi-
ments, the portion of the integrated table that 1s on or facing
the sterile field can be sterile, such that the disposal con-
tainer 1tsell does not have to be sterile. In some embodi-
ments, the mntegrated table can include a chute, such as
shown 1 FIG. 15, on the side of the table such that the top
of the container 1s tlush with the top of the integrated table,
or a chute that 1s accessed from a slot 1n the middle of the
table. In this embodiment, the disposal container can be
positioned such that the opening to the disposal container 1s
at the end of the chute. By integrated 1s meant that the
clements of the table configured to receive or accommodate
the disposal container, such as a box on top of the table, a
box under the table, a slot or chute 1n the table, etc., cannot
be separated from the table without irreparably altering the
table.

System Configurations

An embodiment of a system in accordance with the
invention 1s shown in FIG. 13. FIG. 13 depicts a schematic
of an automated system 1300 configured to continuously
intra-operatively monitor the presence or absence of surgical
items, such as instruments, sponges and surgical sharp
objects, during a surgical procedure. The surgical sponges
1310, instruments 1320, and sharp objects 1330 labeled with
macroscopic or microscopic labels, as desired, can be placed
on the sterile surgical back table 1350 used by the scrub
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nurse to place sponges, mstruments or sharp objects prior to
their use by the surgeon as the surgeon calls for them. As
depicted i FIG. 13, one or more still or video cameras are
placed relative to the table 1350 to function as detectors to
keep the field of the table under constant surveillance,
automatically detecting and recording the unique labels
previously placed on the sponges 1310, instruments 1320,
and sharp objects 1330 prior to the operation. Also shown
are umque 1dentifiers 1322.

In addition to the cameras over the sterile back table,
cameras can also be placed in position to monitor the
operating field, as well as the “mayo stand”, the special
instrument tray where the scrub nurse keeps instruments that
the surgeon 1s immediately using. The cameras/readers may
or may not move or pan, depending on the camera design,
to constantly count and recount and record the surgical items
on the table. In some embodiments, the “mayo stand” or
sterile surgical back table can have markers which delineate
a grid on the table, such that markers can outline areas where
a particular camera/reader may scan. The camera(s) may be
mounted 1n a variety of ways. Three possible mountings of
the cameras/readers are shown i FIG. 13, though many
others are possible. For example, one camera 1360 can be
mounted on a control arm mount 1362 attached to the ceiling
or wall above or to the side of the sterile field. Another
camera 1370 can be mounted on a control arm mount 1372
attached to the legs of the table 1350. Another of the multiple
options for camera mounting i1s depicted by another camera
1380 placed on a movable control arm 1382, which has a
freestanding base, which may or may not be on wheels. Any
suitable system for mounting the reader/cameras for the
automation of counts of surgical items can be used. How-
ever, i mounted or held close to the sterile operating field,
a sterile case (1378, 1388) and sheath (1376, 1386) may be
employed to maintain the sterility of the operative field and
table 1350, as desired. If magnification i1s necessary, a lens
(1364, 1374, 1384) can be utilized, which 1n some embodi-
ments can be incorporated into the case 1378 or 1388.
Alternatively, a digital microscope can be used to magnify
and detect the umque labels applied or etched ito the
surgical 1tems.

FIG. 14 1s a schematic of an automated system 1400
configured to continuously monitor the presence or absence
of surgical sharp objects by constant video monitoring of the
sterile operative field, as well as other surgical items by
vartous means. Items can be counted into the system and
tracked via repeated detection events or continuous video
monitoring and counted as off the field by disposal into
device for identifying and disposal of a surgical sharp object
or counted by a hand-held or portable device if the needle or
other sharp object falls from the sterile field. As shown,
system 1400 includes sharps automated shape recognition
disposal container 1410, which 1s analogous the containers
described above, e.g., see FIGS. 2A-2D. Container 1410
includes an imaging device 1420 for obtaining image data of
an item that has been placed into the container, and a
processor configured to identily the surgical sharp object
using the 1image data by automated shape recognition. Also
shown are needle holder 1425 holding needle 1425 with
attached suture 1418, prior to being dropped into chute 1430
of the sharps automated shape recognition disposal container
1410, where they fall onto horizontal platform 1440. In FIG.
14, surgical needles 1415 and other sharp objects such as
scalpel blades 1417 are placed on the sterile back table 1450
used by the scrub nurse to place mstruments and other 1items
such as needles 1415, sutures 1418 and sponges prior to their
use when the surgeon calls for them. As discussed above, the
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subject system allows the surgical personnel to place the
surgical 1tems as used currently. No particular placement or
arrangement 1s needed for the system to track the surgical
items. One or more still or video cameras can function as
readers or scanning camera devices (e.g., sterile camera/
readers 1460 and 1470, non-sterile camera/reader 1480, or
sterile camera/reader in container 1420) to keep the table
1450 under constant surveillance, automatically detecting
and recording the unique 1D barcodes or 2D barcodes, or
needle shape or 3D wvisualization of the sharp items (e.g.,
needles, scalpel blades). The cameras or barcode readers
may or may not move or pan, depending on the camera
design, to constantly and continuously count the needles and
other sharp items such as scalpel blades. The embodiment
shown 1n FIG. 14 depicts three mountings of the devices,
similar to those shown in FIG. 13. For example, one camera
1480 1s mounted on a control arm mount 1482 attached to
the ceiling above or to the side of the sterile field. Another
camera 1470 1s mounted on a control arm mount 1472
attached to the legs of the table 1450. Similarly, another
camera/reader 1460 1s placed on a movable control arm
1462, which has a free-standing base. The movable camera/
reader can allow the camera to be positioned as desired; e.g.,
over the operating table. Again, a sterile case 1422, 1464 and
1474 and connecting sheath 1476, 1466 may be present, as
desired, to maintain the sterility of the operative field and
table 1430.

FIG. 15 depicts the overall integration of a system 1500
and 1n particular, the flow of information 1505 to and from
a central processing unit 1510 of the system. The operating
room personnel are kept informed of the pre-operative and
current counts of surgical sponges 1520, surgical instru-
ments 1530, and surgical needles or other sharp objects 1515
in real-time via one or more display units 1550, which may
be 1 the form of LED, LCD, plasma or cathode ray
monitors, among other types, as desired. The non-sterile
handheld camera or scanning devices 1560 held by the
circulating nurse or the handheld scanner 1570 with lens
1562 enclosed within a sterile case 1572 and operated by the
scrub nurse can detect the presence or absence of a unique
identifyving labels 1522, multiply incorporated into thread
1524, which has been woven ito a sponge 1520. Also
shown are 1dentitying labels 1532 on instruments 1530 and
surgical sharp objects 1515. Needles or other sharp objects,
and instruments are identified 1n a similar manner. The
identifying information 1505 1s transmitted via cable or
wirelessly to the central processing unit 1510. The informa-
tion 1505 1s time-stamped indicating whether or not the
sponge 1520, or sharp objects 1515 were present at any
particular time during the operation. The information 1s then
transmitted to a display unit 1550, such as a flat panel LED
or plasma monitor. The information 1s then displayed for all
pertinent personnel present at the operation to see. Any
discrepancy in the count 1s then clearly indicated on the
display unit 1550.

Sponges 1520 dropped or discarded from the operative
field are scanned and 1dentified as ofl the field, or “checked
out” by the circulating nurse using a non-sterile reader 1575
or simply discarded 1nto a sponge disposal unit 1580, which
1s analogous to the sponge disposal units as described above.
Needles or other sharp objects dropped or discarded from
the field, but not 1n the disposal container chamber 1590, are
scanned ofl the field by the circulating nurse using a non-
sterile camera or scanner 1560. If the sharp object is no
longer needed 1t 1s simply discarded into a sharp disposal
unit 1590, which can be kept sterile for ease of use by the
scrubbed personnel or it could be non-sterile and off the
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field. Needles or other sharp objects appropriately discarded
into the disposal unit are also counted as off the field, or
“checked out”. In some embodiments, surgical sharp
objects, 1nstruments, or sponges can be “checked out” by
being placed mto a chute 1556. In this embodiment, the
upper portion of the chute 1556 containing the opening 1s
sterile, and 1s located 1n the sterile field (e.g., the sterile back
table). The lower portion of the chute i1s 1n the non-sterile
portion of the room (e.g., operating room). The surgical
sharp objects, instruments, or sponges can then fall into
disposal container 1585 from the sterile opening 1n chute
1556 to the portion of the container with non-sterile reader
1575 which 1s i1n the non-sterile portion of the room.
Instruments 13530 dropped or discarded from the operative
field are scanned and 1dentified off the field by the circulat-
ing stail using a non-sterile reader 1560. Unless re-sterilized
and returned to the field and rescanned into the field by the
scrub nurse and the sterile reader 1570, the discarded
instrument 1530 1s considered by the recording system and
central processing unit 1510 and operating room stail to be
no longer on the operative field. Although not shown in FIG.
15, in some embodiments a visual signal (e.g., photochromic
dye) can be used in addition to the counting information on
display monitor 1550 identified via optical recognition of the
specific surgical item.

In some embodiments, the system can be configured to
recognize a non-unique identifier on a surgical i1tem. By
non-unique identifier 1s meant an i1dentifier which i1dentifies
a particular type of surgical item, e.g., a forceps, or a
retractor. In some embodiments, the “inbound” or “out-
bound” count of a surgical sharp object, mstrument, or
sponge can be performed by detecting a non-unique 1denti-
fier. For example, a scrub nurse can scan a non-unique
identifier on ten clamps, such that ten clamps are “checked
in” to a surgical procedure.

In some embodiments, the “inbound” count, the “out-
bound” count, or tracking of a surgical sharp object, instru-
ment, or sponge can be performed using an “automated
assistance” feature. By automated assistance 1s meant that a
surgical item 1s visually identified by operating room per-
sonnel, followed by selecting and then scanning an appro-
priate code, such as a bar code, which corresponds to the
surgical 1tem from a menu of codes. Embodiments can also
include an option to select and then scan a bar code which
corresponds to the number of 1tems that have been visually
identified and counted. For example, a package of ten 4-0
Prolene™ needles may be visually identified, and the bar
code encoding “4-0 Prolene™ needles” may be scanned,
tollowed by scanning of the bar code for the number “ten”.
Similarly, five curved forceps may be visually identified and
counted, and the bar code encoding “curved forceps” may be

scanned, followed by scanning of the bar code for the
number “five”. In some embodiments, the bar code for a
particular 1tem can have an associated 1image, ¢.g., a photo
of a curved forceps, next to the bar code to help operating
room personnel 1n location and identifying a particular
surgical item. In this way, the automated assistance feature
can increase the accuracy of traditional counting methods.

In all cases, the surgical item present and counted 1nto the
operation must be accounted for at the final count or 1t 1s
considered a possible retained foreign surgical body
(RFSB). In cases where an 1tem 1s determined to be missing,
areas such as the table 1555 or the disposal units 1580 or
1590 can be rescanned to verily if a surgical item (e.g.,
needle) 1s truly missing. If the surgical 1tem 1s not found, an
additional search of the patient (e.g., including xray) or areas
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around the patient, such as in the surgical drapes or the tloor,
can be made to locate the surgical item.
Central Processing Unit

The Central Processing Unmit (CPU) can integrate all the
data of the automated system. The various components of
the system include integration of the information from any
and all sources, including devices for 1dentitying and dis-
posal of a surgical sharp object, the one or more readers/
cameras, mformation provided by one or more modules
(e.g., an automated shape recognition module; a unique
identifier recognition module; a surgical mstrument tracking
module; a surgical sharp object tracking module, a surgical
sponge tracking module etc.) data entered by operating room
personnel including hand-entered or voice-entered data, and
can maintain accurate counts displayed on the monitor for
all essential operating room personnel to see.

In certain embodiments, a system includes hardware
components which take the form of one or more platiorms,
¢.g., 1n the form of servers, such that any functional elements
of the system, 1.e., those elements of the system that carry
out specific tasks (such as managing mnput and output of
information, processing information, etc.) of the system may
be carried out by the execution of software applications on
and across the one or more computer platforms represented
of the system. The one or more platforms present in the
subject systems may be any convenient type ol computer
platiorm, e.g., such as a server, main-frame computer, a
work station, etc. Where more than one platform 1s present,
the platforms may be connected via any convenient type of
connection, e€.g., cabling or other communication system
including wireless systems, either networked or otherwise.
Where more than one platform 1s present, the platforms may
be co-located or they may be physically separated. Various
operating systems may be employed on any of the computer
platforms, where representative operating systems include

Windows, MacOS, Sun Solaris, Linux, O5/400, Compaq
Tru64 Unix, SGI IRIX, Siemens Reliant Unix, and others.
The functional elements of system may also be implemented
in accordance with a variety of soiftware facilitators, plat-
forms, or other convenient method.

The CPU can include an ““assisted 1dentification” feature,
which can be a separate component or part of any of the
tracking modules disclosed above, such that data entered by
operating room personnel including hand-entered or voice-
entered data 1n some 1nstances can be 1n response to a choice
presented by the CPU; for example, 1f a twisted or bent
needle has been dropped into a disposal container and the
surgical sharp object tracking module 1s able to narrow the
options down to four or fewer, or three or fewer options, the
operating room personnel can then be presented with a
choice e.g., three options of needle types. The operating
room personnel (e.g., a scrub nurse) can then select the type
of needle that was just discarded so that an accurate count
and tracking of the needle 1s kept. In some instances, the
auto-assist feature can be used 1n mstances when a tracking
module 1s unable to definitively 1dentify a surgical item.

In other embodiments, as 1n the automated assistance
feature disclosed above, once a surgical item has been
identified or detected, the CPU can include an image of the
surgical 1tem for confirmation. The image can be displayed
at the detector where the surgical item 1s detected, or at any
display unit 1n the system. For example, 11 a unique 1dentifier
on a hemostat 1s scanned by a hand-held scanner at a sterile
back table, the hand held scanner can display a likeness of
the hemostat, which can be seen by the operator (e.g. scrub
nurse) before the count of the hemostat 1s confirmed and

added to the system. Inclusion of a likeness or image of the
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surgical item to be counted or tracked can also be used 1n
embodiments where the surgical item has an identifier that
identifies the type of surgical item (e.g., retracter) but that 1s
not unique, or 1n instances 1 which a surgical item 1s
visually i1dentified and then the appropriate bar code 1s
scanned, as discussed above.

In addition to hand-entered (e.g., using a keyboard) or
voice-entered data (e.g., using speech recognition soltware),
including notes on the procedure or count, etc., the CPU can
also accept patient and stail information by scanning badges
or 1dentification bracelets, etc. The CPU can theretore inte-
grate information on all personnel present 1n the operating
room at a particular time, and can track stailing changes.

In addition, the CPU can integrate the other functions of
the system and/or integrated with other systems including
but not limited to inventory, billing, ordering, electronic
medical record-keeping, and comparing with protocol. The
system can also be used for medicolegal records. For
example, 1 a count discrepancy 1s found, the system can
provide a record of the count as well as record the surgeon’s
decision (e.g., to re-explore the wound, obtain an X-ray, etc.)
for any future medicolegal question easily retrievable. The
system also provides a record of the counts, and a record of
the operating room personnel responsible for the counts.
Display

The display units of the subject invention can be any
convenient type ol monitor operatively coupled to a CPU
and can be of any convenient size suitable to allow visual-
1zation by key operating room personnel. The display unit
can be free-standing; ¢.g., can be placed on a table, or it can
be mounted to a stand or a wall 1n any convenient location.
In some embodiments, there can be more than one display
unit that displays all the current real-time tracking informa-
tion. In addition, 1n some embodiments there can be addi-
tional display units that can display only some of the
tracking information, such as for example with a device for
identifying and disposing of a surgical sharp object which
can have a monitor displaying the real-time count of surgical
sharp objects that have been discarded into the container. A
display unit can therefore be configured to display real-time
tracking information for a surgical item, such that the
display can include information on the current count, current
location, etc. of any surgical item such as a surgical 1nstru-
ment, surgical sharp object, or surgical sponge. A display
unit can also include an attached device for mput of data,
verification ol counts, electronic signatures, etc., such as a
keyboard. A display umit can further have a sterile covering
to allow placement of the display unit on a sterile field.

FIG. 16 1s a schematic of the large panel display 1600 of
an instrument count indicating the presence or absence of
any particular instrument at any time during an operation, as
indicated by the information processed by the central pro-
cessing unit. The data shown on the display screen can
include the name of the instrument (e.g., tissue forceps), and
the total number of similar mmstruments still on the operative
field, and the number of similar instruments that have been
“checked out”. The detection of any particular 1nstrument
during the operation or after the operation 1s continuously
compared to the original count and the count of instruments
already removed from the field. Any discrepancy 1s noted on
the display prominently mounted for all operating personnel
to see. The display screen can also note the operating room
personnel present, and the identification of the personnel
who verily the surgical item count or counts.

FIG. 17 shows another view of the large panel display
1700 showing a needle and sharp object count indicating the
presence or absence of the sharp objects at any time during
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the operation, as indicated by the mmformation processed by
the central processing unit. The data shown can include the
number of a particular size and type of needle and suture, or
the particular other sharp object being counted. The detec-
tion of any particular needle type or suture type 1s automati-
cally compared to the number of similar surgical items
counted originally, and the current real-time count of similar
surgical items counted by the camera mounted above the
disposal chamber and/or dropped from the operative field
and counted ofl the field with the non-sterile handheld
scanner or separate non-sterile detection and disposal cham-
ber. The system thus automatically detects the presence or
absence of the needles and other sharp objects.

FIG. 18 depicts an embodiment of the panel display 1800
showing counts of sponges, instruments, and sharp objects
which have been registered for the particular operation. The
detection of any particular counted surgical 1tem, such as a
sponge, instrument or sharp object, during the operation or
alter the operation 1s compared to the original count and the
count of the items already removed from the field. The
presence or absence or any of these items, or class, 1s kept
current by any number of rescans or constant still camera or
video surveillance 1s also possible depending on the tech-
nology utilized. Any discrepancy i1s noted on the display
prominently mounted for all operating room personnel to
see. Although the display monitor embodiment shown 1n
FIG. 18 for convenience displays data for three types of
surgical 1tems (1.e., for “sponges”, “instruments” and
“sharps”), the display screen can display as many lines of
data or entries as are needed for a particular operation. For
example, 1n some embodiments, there may be three types of
sponges displayed, seven types of needles displayed, 10
types of instruments displayed, etc. Therefore, the number of
surgical item counts displayed and/or lines of data displayed
can be four or more, such as 8 or more, or 15 or more, or 20
Or more, etc.

Methods

The subject methods include a method of intra-opera-
tively i1dentitying a surgical sharp object. Aspects of the
methods include obtaining a surgical sharp object from an
operative sterile field, imaging the surgical sharp object with
an 1ntra-operative imaging device to obtain image data,
imaging the surgical sharp object with an intra-operative
imaging device to obtain image data, and forwarding the
image data to a surgical sharp object automated shape
recognition module configured to identily the surgical sharp
object from the intra-operative surgical sharp object image
data. Imaging the surgical sharp object can include placing
the surgical sharp object 1n the range of an intra-operative
imaging device configured to obtain image data, which can
include placing the surgical sharp object into a container
configured for disposal of the surgical sharp object, placing
the surgical sharp object onto a sterile table, such as an
operating room table or a sterile back table, or placing the
surgical sharp object within 1n the range of a hand-held
imaging device.

The subject methods can further include tracking of a
surgical sharp object. Tracking of a surgical sharp object can
include placing the surgical item within the range of a
detector, and identifying the surgical item or items by
sensing a unique identifier (e.g., by reading the bar code on
a package of needles). Tracking can include information on
the location of the surgical sharp object, as well as the time
that an object was identified by a particular sensor or
detector. Tracking can therefore include detecting and 1den-
tifying a surgical sharp object and following the location of
the surgical sharp object for a period of time, for example,
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during “check-1n” or “inbound” count, or for the duration of
a surgical procedure, or for “check-out” or “outbound”
count, etc. Tracking of a surgical sharp object can also
include identifying a surgical sharp object by automated
shape recognition using 1image data, as discussed above. In
some embodiments, identification of the surgical sharp
object by automated shape recognition 1s performed dynami-
cally.

In addition to tracking of a surgical sharp object, the
methods can also include tracking of a surgical 1tem, such as
one or more surgical instruments and/or one or more surgical
sponges. Tracking of a surgical item such as a surgical
instrument or sponge can include placing the surgical item
within the range of a detector, and identifying the surgical
item or items by sensing a unique identifier (e.g., by sensing
clectro magnetic 1dentification (EMID) label on a sponge).
Tracking can include information on the location of the
surgical 1tem, as well as the time that an item was 1dentified
by a particular sensor or detector. Tracking can therefore
include detecting and identifying a surgical item and fol-
lowing the location of the surgical item for a period of time,
for example, during the initial registration or “check-in” or
“mmbound” count of a surgical item, during the final count or
“check-out” or “outbound” count, or for a period of time
during a surgical procedure, such as 30 minutes, or 60
minutes, or the entire duration of the procedure, eftc.

In some embodiments, tracking of a surgical sharp object,
a surgical mstrument or a sponge 1s accomplished via
multiple detection events (e.g., the surgical item 1s detected
at the beginning and end of a surgical procedure), or by
continuous video monitoring (e.g., the surgical item 1s
placed on a sterile back table, and 1s continuously monitored
during a surgical procedure). In some embodiments, track-
ing ol a surgical sharp object, a surgical instrument or a
sponge can 1nclude both single detection events as well as
continuous video monitoring.

In the subject mnvention, identifying and/or tracking can
be done with a detector, such as a hand-held or mounted
detection device. One or more detectors can be used by the
operating room personnel to count each surgical item at the
beginning of a surgical procedure. For example, a hand-held
detection device enclosed 1n a sterile disposable case can be
used to detect a labeled item; e.g., a 1D or 2D unique
barcode previously laser etched onto an instrument itself.
The 1mitial count may be performed of the actual object (e.g.,
Metz scissors) or i1ts packaging (e.g., a package containing
ten 3-0 needles). Once completed, the count can be elec-
tronically accepted by operating room personnel such as the
scrub nurse and circulating nurse. Electronic acceptance of
a count can be an electronic record of the accepted count, or
a paper record of the count can be generated, or both an
clectronic and a paper record. The electronic or paper
records can comply with any legally mandated privacy laws
and regulation (e.g., HIPAA regulations). A comprehensive
time-stamped nventory of all instruments utilized for the
case can therefore be generated.

Tracking can include tracking of one or more surgical
sharp objects, surgical instruments, or surgical sponges.
Tracking of surgical items can be performed by a module
(1.e., a combination of hardware and/or software which waill
perform a tracking function) such as a surgical mstrument
tracking module, a surgical sponge tracking module, or a
surgical sharp object tracking module, etc.

Once an 1n1tial count of all surgical 1items to be used 1n the
surgical procedure has been made, the count 1s kept accu-
rately during the procedure, as sponges, mstruments and
sharp objects are added or removed from the field during the
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case. Each addition or removal of an 1item from the sterile
operating field thus 1s counted by the detection system and
1s tracked and counted appropriately. The count information
can be displayed 1n a real-time manner on a display unit for
all operating room personnel to see. The subject methods
can also record the acceptance of responsibility for the
counted sponges, mstruments and sharp objects both by the
scrubbed personnel and the circulating operating room per-
sonnel. Finally, an electronic digital record of the count
generated by the mvention can be entered 1nto an electronic
database for the operation and kept for future medical and
medico-legal reference.

The description of the present invention 1s provided
herein 1n certain instances with reference to a subject or
patient. As used herein, the terms “subject” and “patient”™
refer to a living entity such as an animal. In certain embodi-
ments, the animals are “mammals” or “mammalian,” where
these terms are used broadly to describe orgamisms which
are within the class mammalia, including the orders carni-
vore (e.g., dogs and cats), rodentia (e.g., mice, guinea pigs,
and rats), lagomorpha (e.g., rabbits) and primates (e.g.,
humans, chimpanzees, and monkeys). In certain embodi-
ments, the subjects, e.g., patients, are humans.

Utility

The methods and devices of the subject invention can be
used with any surgical or other invasive procedure, includ-
ing but not limited to procedures conducted 1n the operating
room, or outpatient surgery center, or any procedure where
correct counts of surgical items 1s desired. As discussed
above, the counts of surgical items can be continuously
monitored, however a record of the counts at any point in
time during the procedure or operation, for example, with
verilying electronic signatures, can be performed before
surgery begins, after surgery has concluded, or at any time
during the procedure. Counts can also be performed before
any type ol hollow organ closure (e.g., closure of an
intestinal loop, cardiac chamber, peritoneum, etc.) or before
wound or skin closure, etc.

Currently, most hospitals have policies 1 effect requiring,
that surgical personnel wvisually and audibly count the
sponges and other textile-based objects, the surgical instru-
ments, and the surgical needles and other sharp objects and
then hand record the results of the counts to prevent the
retention of a sponge, istrument or sharp object. Depending
on the complexity and length of time of the operation,
current counting methods take two nurses approximately
15-30 minutes of audible manual counting per count per
operation. The opportunities for errors i the count are
numerous and obvious 1 a system designed to rely on
human manual counting and pencil and paper recording
methods alone. In addition, the needles and sharp objects
have to be kept on the field for ongoing and final counting,
even though they are not to be used again, which increases
the risk of exposure to mjury and blood-borme 1llness.

The automated nature of the current system utilizes highly
accurate methods of detection, recordkeeping and records of
operating room personnel, 1n a time-stamped non-alterable
manner. Responsibility for the counts 1s clear, and avoids the
need for later reconstruction of who might or might not have
been present 1n the operating room during any particular part
of the operation. Any decisions made by the surgeon 1n cases
of a count discrepancy i1s similarly recorded, making any
future medicolegal question about the reporting or non-
reporting of results and decisions regarding incorrect counts
casily retrievable. The accuracy and designation of respon-
s1ibility for the counts and decisions aflected by the count are
all improved by the subject methods and system.
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Most importantly, the chances for errors are reduced and
the likelihood of incorrect counts reduced. Safety 1s greatly
enhanced for the patient, who 1s less likely to be exposed to
unnecessary radiation to detect a retained foreign body. The
patient 1s also less likely to be subjected to an unnecessary
re-exploration of the body cavity. In addition, safety 1s
enhanced for all patients, because the time spent in the
operating room counting and recounting surgical items 1s
reduced, thereby reducing operating time for all procedures.
The current system also decreases the likelihood of compli-
cations from a retained surgical foreign body, because the
incidence of retained surgical foreign bodies 1s reduced. In
addition, increased accuracy of the count improves the
safety of the operating room stail who will face less radia-
tion exposure and less exposure to blood contaminated
items, especially the sponges and sharp objects which are
presently counted and recounted manually several times
during an operation. Finally, the clear time-stamped unal-
terable nature of the count information and the display of the
information in current time during the operation make the
recordkeeping of the count and the clear acceptance of
responsibility automatic. The enhanced medical record and
medico-legal record of the surgical items counted are a
turther benefit as the responsibility of the decision makers 1s
automated and accepted 1n real time as the decisions are
made. The overall result 1s a safer operation for the patient
and for the operating room personnel and less medico-legal
exposure for the institution.

The ofhcial record of the count can also be used for
inventory, billing, ordering, electronic medical record-keep-
ing, or medico-legal purposes. For example, the inventory
control of various sizes and/or types ol instruments, etc.,
may be improved by integrating the scanned data can be
transmitted directly to the hospital inventory control system
or to the appropriate product vendor for automatic reorder-
ng.

For medical record-keeping or medico-legal purposes, a
record of the assignment of responsibility for surgical item
counts can include verbal recorded agreement assigned by
machine and accepted at the conclusion of the procedure by
barcode reading or by voice recognition of digitally recorded
voices ol the personnel involved. Ultimately, all of the
pertinent information of the count, the responsible parties
performing the count and results of decisions based upon the
count results are easily placed in the digital electronic
medical record produced by the central processing unit at the
completion of the operation. Counting errors, recording
errors, and even handwriting errors are thus eliminated
providing documentation easily retrieved for medical or
medico-legal reasons.

The current system also fits well with currently accepted
protocols, which leads to ease of use and acceptance of the
system by operating room personnel. For example, current
counting protocol requires the agreement by two members
ol the operating room stail on the 1imitial and final counts and
any changes during the operation, similar to the methods of
the subject invention. Additionally, using the current system,
no particular placement or arrangement of instruments on
the surgical table 1s needed, 1n contrast to methods which use
mechanical tray counting systems or other sensing modali-
ties dependent upon a particular spatial arrangement. The
current system permits the surgical personnel to place the
items as desired, according to current protocol 1n all oper-
ating rooms. The ability to place instruments, etc., in their
accustomed positions 1s advantageous because the arrange-
ment of surgical implements in most operating rooms 1s
determined by the personal preference of the scrub nurse.
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Using the current methods, the scrub nurse or technician 1s
not required to re-train or follow a particular protocol, which

could aflect the surgeon’s call for particular i1tems. The
current methods enhance the safety and speed of the opera-
tion as the scrub personnel are not preoccupied with manual
counting while still carrying on the physical actions of the
operation, which present day counting processes require.
Computer Readable Storage Medium

Aspects of the invention further include physical storage
medium containing programming or instructions for carry-
ing one or more of the tasks of a system of the invention,
c.g., as described above. “Computer readable storage
medium” as used herein refers to any storage or transmission
medium that participates 1n providing instructions and/or
data to a computer for execution and/or processing.
Examples of storage media include floppy disks, magnetic
tape, USB, CD-ROM, a hard disk drive, a ROM or inte-

grated circuit, a magneto-optical disk, or a computer read-
able card such as a PCMCIA card and the like, whether or
not such devices are internal or external to the computer. A
file containing information may be “stored” on computer
readable medium, where “storing” means recording infor-
mation such that 1t 1s accessible and retrievable at a later date
by a computer. A file may be stored in permanent memory.

With respect to computer readable media, “permanent
memory” refers to memory that 1s permanently stored on a
data storage medium. Permanent memory 1s not erased by
termination of the electrical supply to a computer or pro-
cessor. Computer hard-drive ROM (1.e. ROM not used as
virtual memory), CD-ROM, floppy disk and DVD are all
examples ol permanent memory. Random Access Memory
(RAM) 1s an example of non-permanent memory. A file 1n
permanent memory may be editable and re-writable.

To “record” data, programming or other information on a
computer readable medium refers to a process for storing
information, using any convenient method. Any convenient
data storage structure may be chosen, based on the means
used to access the stored information. A variety of data
processor programs and formats can be used for storage, e.g.
word processing text file, database format, efc.

A “memory” or “memory unit” refers to any device which
can store mformation for subsequent retrieval by a proces-
sor, and may include magnetic or optical devices (such as a
hard disk, floppy disk, CD, or DVD), or solid state memory
devices (such as volatile or non-volatile RAM). A memory
or memory unit may have more than one physical memory
device of the same or different types (for example, a memory
may have multiple memory devices such as multiple hard
drives or multiple solid state memory devices or some
combination of hard drives and solid state memory devices).

The following examples are oflered by way of 1llustration
and not by way of limitation.

EXPERIMENTAL

I. Current Operating Room Technique

A patient 1s prepped for an abdominal surgical procedure
and brought into the operating room. The operating room
team consists of three operating room nurses, two surgeons,
and an anesthesiologist, who are also present 1n the operat-
ing room. The operating room nurses are responsible for
tracking the all of the surgical items to be used during the
surgical procedure, including instruments (e.g., clamps, for-
ceps, etc.), sharp objects (e.g., scalpels, needles, etc.), and
sponges used during the surgery or surgical procedure.
Surgical instruments, needles, scalpel blades, sponges, pads
and other objects are lined up on a sterile receptacle or tray
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and the number and type of each surgical item 1s counted.
The total count of instruments 1s over 200 1individual items,
the total count of needles and sharp items 1s also over 200
individual 1tems, and the total count of sponges 1s over 600
individual items to be counted.

An 1nitial count of the instruments, needles and other

sharp objects, and sponges 1s done by the scrub nurse by
visual and audible counting, which 1s witnessed visually by
the circulating nurse. The 1nitial count takes approximately
25 minutes. The count data for each of the surgical items 1s
entered by pencil into a chart on a clipboard. Once all of the
items have been counted and recorded, the surgery begins.

Twice during the surgery when there i1s a change 1n
personnel, the count of all the surgical implements 1s
repeated by two of the nurses. Each additional count takes
20 minutes each. During the operation, all instruments,
unless they become contaminated, are kept either in the
operating field on the sterile back table. Used sponges, once
saturated with blood or other body fluids, are placed mto a
bucket to be manually separated and counted by the non-
scrubbed, non-sterile or circulating operating room person-
nel. The discarded sponges are then packaged for later
recounts in a clear plastic ‘shoe rack’ device. Previously
used needles and sharps are kept on a magnetic or spongy
platform, so that they are available for repeat counts as
personnel change or as discrepancies in counts arise. The
recounts provide opportunity for mjury to stail. Before the
stomach 1s closed, a fourth count which takes 20 minutes 1s
performed, and verified by two operating room personnel.

At the end of the surgery, prior to wound closure, the
count 1s performed for a fifth time. During this count, there
1s a discrepancy 1n the number of sponges and it appears that
one 1s missing. The surgeon 1s informed, and a search 1s
begun for the missing sponge. When the missing sponge
cannot be located, the count 1s repeated. The final count of
cach of the surgical items matches the 1nitial count and the
surgeon decides to accept the final count as the accurate
count. The surgery 1s then completed.

In cases where the discrepancy persists aiter recounting,
the surgeon must decide to whether or not to explore the
wound to locate the missing sponge. The surgeon may order
an X-ray examination of the patient on the operating room
table to rule out the presence of the radio-opaque labeled
sponge. If the patient 1s unstable, the surgeon may feel it 1s
in the best interest of the patient to complete the operation
and transfer the patient out of the operating room.

II. Automated Correct Count

Use of Tracking System in a Surgical Procedure

A patient 1s prepped for an abdominal surgical procedure
and brought into the operating room. The operating room
team consists of three operating room nurses, two surgeons,
and an anesthesiologist. The operating room nurses are
responsible for tracking all of the surgical items to be used
during the surgical procedure, including instruments (e.g.,
clamps, forceps, etc.), sharp objects (e.g., scalpels, needles,
etc.), and sponges used during the surgery or surgical
procedure.

A tracking system as disclosed 1n FIGS. 14 and 15 1s used
to track the surgical items used for the abdominal surgical
procedure. As the nurses prepare for the surgery, they
register each of the surgical 1items to be used with a hand-
held scanner. Specifically, a sterile hand-held scanner 1570
1s used for the “inbound” count of all surgical instruments,
needles, scalpel blades, sponges, pads and other surgical
items, which are lined up on a sterile tray. The number and
type of each surgical item 1s scanned into the system.
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As each of the items 1s registered, the nurses double check
the information as 1t appears on the display unit 1550 of the
tracking system, visible to all operating room personnel. For
cach of the items registered, the following information 1is
displayed: 1) the type of item (e.g., needle, clamp, sponge);
2) the time the item 1s placed mto (1.e., “checked 1n™) the
tracking system; 3) the location of the item being registered;
4) the unique 1dentifier assigned to each 1tem; and 5) the total
number of each item currently registered in the tracking
system. Once all of the items are registered, two operating
room nurses verily the mnitial count and enter their time-
stamped electronic signatures. The surgery then begins. The
time for the mnitial count 1s 10 minutes.

As each 1tem 1s used during surgery, the tracking system
tracks the current location of the 1tem, as well as whether the
item has been removed from the tracking system, or
“checked out”. For example, as one of the nurses hands a
scalpel to a surgeon, the tracking system senses that the
scalpel has been moved from the sterile back table, because
the camera 1480 over the sterile table will have the count of
scalpels reduced by one, while the sensor camera/reader
1460 over the operating table will register an increase by one
of the number of scalpels. The time of the transfer of
location 1s also registered. When the surgeon has finished
with the scalpel, the nurse returns the scalpel to the sterile
back table. The new location for that individual scalpel 1s
registered, as well as time of transfer. In another example,
when a 2-0 silk needle 1s returned by the surgeon to the
nurse, the used needle 1s placed into the sterile sharps
automated shape recognition disposal container 1410, on the
back table. The imaging device in the sharps container
identifies the discarded needle as a 2-0 silk needle, and the
tracking system registers the new location and time of
deposition of the 2-0 silk needle mto the sharps container.
The auxiliary display on the sterile sharps container notes
the addition of the 2-0 needle to the container, and registers
the current total of 4 needles in the container. Similarly, a
discarded sponge 1s dropped by the circulating nurse into a
non-sterile sponge disposal unit 1580 on the floor. As the
sponge passes 1nto the container, the camera/reader scans the
sponge, and the tracking system registers the sponge as off
the field, or “checked out” by the circulating nurse.

For each surgical item, each of these steps 1s performed.
During the operation, the system software continuously
tracks the surgical items that have been registered with the
tracking system. For example, 11 30 clamps, 50 forceps, 70
scalpel blades, 70 needles, and 200 sponges have been
registered, the system maintains continuous track of the
location of each item registered. At any one time, of 70
needles registered, there may be 60 needles located on the
sterile back table, one needle 1n the surgeon’s hand on the
operating table, and 9 needles that have been placed in the
sharps disposable container.

There 1s a change 1n personnel twice during the surgery.
During each of those times, the tracking system display unit
1550 1s checked to verily that all surgical items are
accounted for, and two operating room personnel verify the
current count and enter their time-stamped electronic sig-
natures. The time for this “count” and verification process
takes two minutes.

At the end of the surgery, prior to wound closure, a nurse
checks the tracking system display unit, and finds that the
current counts are correct, and no surgical 1tems are missing.
The two operating room nurses responsible for the count
both verity the tracking system display monitor counts by
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entering their time-stamped electronic signatures. The oper-
ating surgeons then close the wound and the surgery is
successiully completed.

III. Automated Incorrect Count

The operation mnitially proceeds as in Example II above,
except that 60 minutes into the operation an alarm sounds.
After checking the display unit, 1t 1s determined that an 1tem
1s missing. The operating room personnel check the infor-
mation provided on display unit 1550 for the identification
of the 1tem, and 1t 1s determined that a 5-0 needle 1s missing.
The display unit also shows that the particular 5-0 needle
was last registered as being present on the operating table.
The nurse locates the 5-0 needle underneath a fold 1n the
surgical drapes. The needle 1s then placed into the sterile
sharps automated shape recognition disposal container 1410,
which i1dentifies the needle as a 5-0 needle. The tracking
system display unit then registers the time-stamped new
location of the missing 5-0 needle. The total needle count 1s
determined to be correct.

The two operating room nurses responsible for the count
both verily the tracking system display monitor counts by
entering their time-stamped electronic signatures. The oper-
ating surgeons then close the wound and the surgery is
successiully completed.

IV. Automated Shape Recognition of Surgical Sharp Objects

Seven types of surgical needles were evaluated using
automated shape recognition. The seven needle types
included an Ethicon™ 2 Prolene™ 65 mm TP-1 tapered
needle, an Ethicon™ 7-0 Prolene™ 9 mm BV-1 tapered
needle, an Ethicon™ 2-0 Silk 26 mm SH tapered needle, an
Ethicon™ 2-0 Temporary pacing wire 22 mm BB-1 tapered
needle, a SKS-3 89 mm straight cutting needle, a
Medtronic™ Streamline Unipolar temporary atrial pacing
lead, and a Deknatel™ 3-0 17.4 mm Tevdek® polyester fiber
AT-21 circle tapered needle.

The seven needle types were programmed 1nto the Cog-
nex™ Insight-Explorer™ Vision machine vision software. A
Cognex™ Insight Micro Smart Camera™, vision camera
was mounted above a platform. The needles were placed one
by one onto a platform which was backlit by a battery
operated light. The seven needles were placed sequentially
on the platform.

The machine vision software was able to count only the
new additions of needle, by obtaining 1images ot the platform
every 80 milliseconds. When a new needle was added to the
field of view, comparison of the image obtained just prior to
the addition of the new needle with the image obtained after
the addition of the new needle was made. The images were
then subtracted from each other. The machine vision soft-
ware was able to 1dentity only the newly added needle, as the
previously 1dentified needles were discounted. This method
worked even as the needles were dropped on top of each
other, such that the needles were overlapping.

The prototype was able to correctly identity the type of
needle approximately 99% of the time, even when the
needles were overlapping.

V. Automated Shape Recognition of Surgical Sharp Objects
with a Disposable Sharps Container

A tracking system as disclosed 1n FIGS. 14 and 15 which
includes sterile sharps automated shape recognition disposal
container 1410 1s used to track the surgical items used for a
surgical procedure. At the start of the surgical procedure,
seven different types of surgical needles are programmed
into the system’s automated shape recognition solftware
program. As the nurses prepare for the surgery, they register
cach package of needles to be used with the tracking system,
using sterile hand-held scanner 1570. As each package of
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needles 1s registered using the barcode on the outside of the
package, the nurses double check the information as it
appears on the display unit 1550 of the tracking system,
visible to the operating room personnel. For each of the
items registered, the following information 1s displayed: 1) 5
the type of needle; 2) the time the package of needles 1s
registered by the tracking system; 3) the location of the
package of needles being registered; 4) a umque 1dentifier
assigned to each package of needles; and 5) the total number
of each individual i1tem currently registered in the sensor 10
system (e.g., a package of five 4-0 needles registers as a total
count of five individual 4-0 needles). Once all of the needles
and other surgical 1items have been registered, two operating
room personnel verily the mnitial count and enter their
time-stamped electronic signatures. The surgery then begins. 15

A total of three of the five 4-0 needles 1s used during the
procedure. As the three ‘used’ needles are placed individu-
ally into the sterile sharps automated shape recognition
disposal container 1410, equipped with i1maging device
1420, the surgical sharp object automated shape recognition 20
module 1dentifies each needle correctly as a “4-0” as 1t 1s
dropped 1nto the container by an operating room nurse. The
tracking system display umt registers all three needles as
being located 1n the disposable container, along with a
time-stamp of the time the needles were placed into the 25
container.

At the conclusion of the procedure, the tracking system
display unit indicates that two of the 4-0 needles are located
on the sterile back table, as detected by the overhead
mounted camera 1480. The display unit also indicates that 30
three of the 4-0 needles are located in the sterile sharps
automated shape recognition disposal container 1410. Prior
to suturing the wound closed, the needle count (and remain-
der of the surgical 1tem count, e.g., instruments, other types
of needles, and sponges or lap pads) i1s determined to be 35
correct. The two operating room nurses responsible for the
count both verily the tracking system display unit counts by
entering their time-stamped electronic signatures. The oper-
ating surgeons then close the wound and the surgery is
successiully completed. 40

Although the foregoing invention has been described 1n
some detail by way of illustration and example for purposes
of clarity of understanding, it 1s readily apparent to those of
ordinary skill in the art in light of the teachings of this
invention that certain changes and modifications may be 45
made thereto without departing from the spirit or scope of
the appended claims. It 1s also to be understood that the
terminology used herein 1s for the purpose of describing
particular embodiments only, and 1s not intended to be
limiting, since the scope of the present mvention will be 50
limited only by the appended claims.

Accordingly, the preceding merely illustrates the prin-
ciples of the invention. It will be appreciated that those
skilled 1n the art will be able to devise various arrangements
which, although not explicitly described or shown herein, 55
embody the principles of the invention and are included
within 1ts spirit and scope. Furthermore, all examples and
conditional language recited herein are principally intended
to aid the reader in understanding the principles of the
invention and the concepts contributed by the inventors to 60
turthering the art, and are to be construed as being without
limitation to such specifically recited examples and condi-
tions. Moreover, all statements herein reciting principles,
aspects, and embodiments of the invention as well as spe-
cific examples thereof, are intended to encompass both 65
structural and functional equivalents thereof. Additionally, 1t
1s 1ntended that such equivalents include both currently
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known equivalents and equivalents developed 1n the future,
1.€., any elements developed that perform the same function,
regardless of structure. The scope of the present invention,
therefore, 1s not intended to be limited to the exemplary
embodiments shown and described herein. Rather, the scope
and spirit of present invention 1s embodied by the appended
claims.

What 1s claimed 1s:

1. A method of intra-operatively 1dentifying a used sur-
gical sharp, the method comprising;

(a) obtaining an initial count and an 1nitial type of surgical
sharp objects, wherein the 1nmitial count of the surgical
sharp objects comprises an 1nitial count of each type of

the surgical sharp objects;

(b) counting and identitying used surgical sharp objects
obtained from an operative sterile field to obtain a
count and an identification of the type of the used
surgical sharp objects, wherein for each of the used
surgical sharp objects said counting and identilying
COMpPrises:

(1) obtamning a used surgical sharp object from the
operative sterile field by receiving the used surgical
sharp object from a surgeon, wherein the used sur-
gical sharp object 1s selected from the group con-
sisting of a scalpel blade and a needle;

(2) 1imaging the used surgical sharp object with an
intra-operative 1maging device comprising a camera
to obtain an intra-operative surgical sharp object
image data of the used surgical sharp object; and

(3) forwarding the intra-operative surgical sharp object
image data to a surgical sharp object automated
shape recognition module comprising a processor
and a database of pre-existing surgical sharp object
image data, wherein the surgical sharp object auto-
mated shape recognmition module counts and 1denti-
fies the used surgical sharp object from the intra-
operative surgical sharp object image data by
comparing the intra-operative surgical sharp object
image data with the pre-existing surgical sharp
object image data, wherein a curvature of the imaged
used surgical sharp object 1s used to 1dentity the type
of the used surgical sharp object via the surgical
sharp object automated shape recognition module;

(c) comparing the count of each type of the used surgical
sharp objects with the 1nitial count of each type of the
surgical sharp objects;

(d) outputting a result corresponding to each type of the
identified and counted used surgical sharp objects; and

(¢) activating a notification device to provide a notifica-
tion 1f the count of each type of the used surgical sharp
objects differs from the 1nitial count of each type of the
surgical sharp objects.

2. The method according to claim 1, wherein 1maging
comprises placing the used surgical sharp object into a
container configured for disposal of the used surgical sharp
object.

3. The method according to claim 1, wherein the imaging
comprises placing the used surgical sharp object onto a
sterile table.

4. The method according to claim 1, wherein the intra-
operative 1maging device 1s a hand-held 1imaging device.

5. The method according to claim 1, wherein the method
turther comprises tracking a surgical sharp object.

6. The method according to claim 1, wherein the method
further comprises tracking a surgical sponge.
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7. The method according to claim 1, wherein the method
turther comprises displaying a result of said counting and
comparing.

8. The method according to claim 1, further comprising,
counting a number of a similar type of used surgical sharp
objects, and comparing the number of the similar type of
used surgical sharp objects to the 1nitial count of the surgical
sharp objects.

9. The method according to claim 1, wherein the intra-
operative 1maging device comprises the camera and a syn-
chronizing sensor, and the imaging comprises detecting the
presence of the used surgical sharp object with the synchro-
nizing sensor and activating the camera to perform the
imaging ol the used surgical sharp object.

10. The method according to claim 1, wherein the surgical
sharp objects comprise i1dentifier labels for 1dentifying the
surgical sharp objects and performing the initial count of the
surgical sharp objects.

11. The method according to claim 5, wherein the tracking
comprises continuously tracking the surgical sharp object
within the operative sterile field.

12. The method according to claim 1, wherein the used
surgical sharp object 1s a suture needle.

13. The method according to claim 1, wherein the noti-
fication device comprises an auditory alarm.

14. The method according to claim 1, wherein the noti-
fication device comprises a visual alarm.

15. The method of claim 1, wherein the notification
comprises a number associated with the difference between
the count of used surgical sharp objects and the 1nitial count
of surgical sharp objects for each type of surgical sharp
object.

16. The method according to claim 1, wherein the intra-
operative surgical sharp object image data comprises a color
of a suture attached to the needle.

17. The method according to claim 1, wherein the acti-
vating comprises a nofification that the count of used sur-
gical sharp objects matches the initial count of surgical sharp
objects.

18. The method according to claim 1, wherein the curva-
ture of the used surgical sharp object comprises an angle of
a curve of the used surgical sharp object.

19. The method according to claim 1, wherein the curva-
ture of the used surgical sharp object comprises a curve
formed by a size of the used surgical sharp object.

20. A method of ntra-operatively i1dentifying a used
surgical sharp, the method comprising:

(a) obtalnmg an 1nitial count and an 1nitial type of surgical
sharp objects, wherein the 1nitial count of the surgical
sharp objects comprises an 1nitial count of each type of

the surgical sharp objects;

(b) counting and identifying used surgical sharp objects
obtained from an operative sterile field to obtain a
count and an identification of the type of the used
surgical sharp objects, wherein for each of the used
surgical sharp objects said counting and identifying
COMprises:

(1) imaging a used surgical sharp object obtained from
the operative sterile field with a system comprising a
surgical sharp object container and an intra-operative
imaging device comprising a camera to obtain an
Intra-operative surgical sharp object image data of
the used surgical sharp object, wherein the used
surgical sharp object 1s one that has been receirved
from a surgeon, the used surgical sharp object 1s
selected from the group consisting of a scalpel blade
and a needle, and the surgical sharp object container
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comprises a first portion comprising the intra-opera-
tive 1imaging device, a second portion configured to
hold the used surgical sharp object, and an opening
in the second portion for receiving the used surgical
sharp object; and

(2) 1identifying the used surgical sharp object from the
intra-operative surgical sharp object image data with
a system comprising an automated shape recognition
module comprising a processor and a database of
pre-existing surgical sharp object 1mage data,
wherein the automated shape recognition module
counts and identifies the used surgical sharp object
from the intra-operative surgical sharp object image
data by comparing the intra-operative surgical sharp
object 1mage data with the pre-existing surgical
sharp object 1image data, wherein a curvature of the
imaged used surgical sharp object 1s used to 1dentily
the type of the used surgical sharp object via the
automated shape recognition module;

(c) comparing the count of each type of the used surgical
sharp objects with the 1nitial count of each type of the
surgical sharp objects;

(d) outputting a result corresponding to each type of the
identified and counted used surgical sharp objects; and

(e) activating a notification device to provide a notifica-
tion if the count of each type of the used surgical sharp
objects diflers from the 1initial count of each type of the

surgical sharp objects.

21. The method according to claim 20, wherein 1imaging,
comprises placing the used surgical sharp object into a
container configured for disposal of the used surgical sharp
object.

22. The method according to claim 20, wherein the
imaging comprises placing the used surgical sharp object
onto a sterile table.

23. The method according to claim 20, wherein the
intra-operative i1maging device 1s a hand-held 1maging
device.

24. The method according to claim 20, wherein the
method further comprises tracking a surgical sharp object.

25. A method of ntra-operatively identifying a used
surgical sharp, the method comprising:

(a) obtaining an 1nitial count and an 1nitial type of surgical
sharp objects, wherein the 1nitial count of the surgical
sharp objects comprises an 1nitial count of each type of

the surgical sharp objects;

(b) counting and 1dentifying used surgical sharp objects
obtained from an operative sterile field to obtain a
count and an identification of the type of the used
surgical sharp objects, wherein for each of the used
surgical sharp objects said counting and identilying
COMprises:

(1) detecting a used surgical sharp object obtained from
the operative sterile field with a system comprising a
surgical sharp object container and a detector to
obtain data, wherein the used surgical sharp object 1s
one that has been received from a surgeon, the used
surgical sharp object 1s selected from the group
consisting of a scalpel blade and a needle, and the
surgical sharp object container comprises a first
portion comprising the detector, a second portion
configured to hold the used surgical sharp object, and
an opening 1n the second portion for receiving the
used surgical sharp object; and

(2) 1identifying the used surgical sharp object from the
data with a system comprising a surgical sharp
recognition module comprising a processor and a
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database of pre-existing surgical sharp object data,
wherein the surgical shape recognition module
counts and identifies the used surgical sharp object
from the data by comparing the data with the pre-
existing surgical sharp object data, wherein a curva-
ture of the detected used surgical sharp object 1s used
to 1dentily the type of the used surgical sharp object
via the surgical sharp recogmition module;

(c) comparing the count of each type of the used surgical
sharp objects with the 1nitial count of each type of the
surgical sharp objects;

(d) outputting a result corresponding to each type of the
identified and counted used surgical sharp objects; and

(¢) activating a notification device to provide a notifica-
tion if the count of each type of the used surgical sharp
objects diflers from the 1nitial count of each type of the
surgical sharp objects.
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